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POPULAR SCIENCE SUMMARY OF THE THESIS 
Oesophageal cancer is the seventh most common cancer globally and there are two major 
subtypes, adenocarcinoma, and squamous cell carcinoma. The major risk factors for 
adenocarcinoma are obesity and reflux of acid and for squamous cell carcinoma tobacco 
smoking and overconsumption of alcohol. The most common symptom of oesophageal 
cancer is difficulty swallowing (dysphagia) due to obstruction of the oesophagus caused by 
the tumour. Consequently, weight loss at time of diagnosis is very common. Pain while 
swallowing (odynohagia) is another common symptom affecting the food intake. Dysphagia 
to solid food might not occur until two-thirds of the oesophageal lumen is involved by the 
tumour. This late onset of symptoms results in an advanced stage of the disease at time of 
diagnosis.  
Curative intent treatment of oesophageal cancer depends on tumour stage and most 
commonly combines oncological pretreatment (chemotherapy or chemotherapy combined 
with radiotherapy), so-called neoadjuvant treatment, followed by surgery where most part of 
the oesophagus is removed. Stomach is the most common organ used to replace oesophagus 
with and is often transformed to a tube. Malnutrition due to the difficulties to eat is a risk 
factor for compliance to neoadjuvant treatment and is associated with complications after 
surgery.  
The surgical procedure, oesophagectomy, is an extensive operation due to the anatomical 
location of the oesophagus and it often involves surgery in the abdomen, the chest, and 
sometimes in the neck. During the last years several minimally invasive techniques have been 
developed and gained popularity aiming to minimize the surgical trauma. Several studies 
report weight loss up to 12% during the first six months after oesophagectomy. This is partly 
due to the altered anatomy including the removal of the lower oesophageal sphincter and the 
reduction of the volume of the stomach, which is pulled up into the chest, and partly due to 
faster bowel movements as a result of vagotomy. Furthermore, the aforementioned changes 
result in reflux, delayed gastric emptying, dumping syndrome, diarrhoea, appetite loss and 
eating difficulties.  
The purpose of this thesis was to investigate how patients` dysphagia is affected by the 
neoadjuvant treatment and if patients who undergo minimally invasive oesophagectomy lose 
less weight compared to those who undergo open surgery. Moreover, how energy intake, total 
energy expenditure and body weight might change before and after neoadjuvant treatment as 
well as after oesophagectomy. Finally, we wanted to explore whether patients with prolonged 
time to surgery after completed neoadjuvant treatment have a better weight and dysphagia 
development compared to patients with standard time to surgery, and if patients malnourished 
at diagnosis suffer from less postoperative complications in case they have a prolonged time 
to surgery after neoadjuvant treatment. 
In study I we assessed patients before, during and after neoadjuvant treatment regarding 
dysphagia. We found that there was a significant improvement in dysphagia already after the 
first week of chemotherapy and the patients were able to swallow more solid foods. Further 
improvement was noted after completion of neoadjuvant treatment before surgery. This study 
suggests awaiting the effect of chemotherapy, before decision-making whether a patient is in 
need of insertion of stent or feeding tube prior to surgery to secure nutrition intake. 
In study II we compared the weight loss during first year after oesophagectomy between 
minimally invasive techniques and traditional open surgery. We could not find any significant 
difference in weight loss between the groups. However, patients operated with minimally 
invasive surgery seemed to lose less weight compared to patients operated with open surgery 
in case of severe postoperative complications, but the difference wore off 6 months after 
surgery. 
In study III we looked at total energy expenditure in relation to energy intake and weight 
development before and after neoadjuvant treatment and at 3 and 6 months after 
oesophagectomy. We found a negative energy balance at baseline and at 3 months after 
surgery. Weight decreased at all time points compared to baseline with the greatest weight 
loss three months after surgery.  
Study IV was part of a larger randomized controlled trial comparing patients with either 
standard (4-6 weeks) or prolonged (10-12 weeks) waiting time to oesophagectomy after 
completed neoadjuvant treatment. We wanted to evaluate if prolonged delay to surgery had a 
positive effect on patients´ weight and dysphagia development. Patients in the standard time 
to surgery group lost significantly more weight between completion of neoadjuvant treatment 
and surgery compared to the group with delayed time to surgery that increased their weight 
significantly during the prolonged time and did almost have the same weight as before the 
start of treatment. Dysphagia improved significantly in both groups between start of treatment 
and operation. Furthermore, we specifically compared patients malnourished before the start 
of treatment between the two groups with regards to complications after surgery and no 
difference could be demonstrated.  
In summary, dysphagia improved significantly during neoadjuvant treatment suggesting that 
dietary modifications may be sufficient with no need of tube feeding or stenting before 
surgery. Nutritional interventions and follow up are important to maintain or improve energy 
intake and prevent weight loss already at the time of diagnosis, during the neoadjuvant 
treatment and during the first three months after surgery. Prolonged time to surgery after 
completed neoadjuvant treatment was beneficial for patients´ weight gain. 
 
 
POPULÄRVETENSKAPLIG SAMMANFATTNING AV 
AVHANDLINGEN 
Cancer i matstrupen (esofagus) är den sjunde vanligaste cancerformen i världen. Det finns två 
huvudtyper av matstrupscancer; adenocarcinom och skivepitelcancer. Huvudsakliga 
riskfaktorer för adenocarcinom är övervikt och långvarigt problem med magsaft som backar 
upp i matstrupen (refluxsjukdom) och för skivepitelcancer är det främst rökning och 
överkonsumtion av alkohol. Det vanligaste symtomet på matstrupscancer är svårighet att 
svälja (dysfagi) vilket beror på att tumören hindrar passagen genom matstrupen och 
patienterna har ofta förlorat mycket i vikt vid diagnos. Smärta vid sväljning (odynofagi) är ett 
annat vanligt symtom som påverkar matintaget. Det är först när två tredjedelar av 
matstrupslumen påverkas av tumören som man får svårighet att svälja fast föda vilket 
resulterar i att många söker läkare först i ett sent skede av sjukdomen.  
Botande behandling av matstrupscancer beror på tumörstadium som oftast består av en 
kombination av onkologisk förbehandling (cytostatika eller cytostatika kombinerad med 
strålning), så kallad neoadjuvant behandling, och därefter opereras större delen av matstrupen 
bort. Matstrupen ersätts oftast med en del av magsäcken som görs om till en tub. Undernäring 
till följd av svårigheterna att äta ökar risken för att inte kunna fullfölja den onkologiska 
förbehandlingen samt är förknippat med komplikationer efter operation.  
Bortopererandet av matstrupen, esofagektomi, är en stor och omfattande operation där man 
opererar både i brösthålan, i bukhålan och ibland även vid halsen. På senare år har 
titthålskirurgi (minimalinvasiv kirurgi) utvecklats och blivit allt mer populär för att minska 
det kirurgiska traumat. Många studier rapporterar upp till 12 % viktförlust under de första sex 
månaderna efter operationen. Viktförlusten beror delvis på den förändrade anatomin där man 
inte längre har någon övre magmun, en mindre magsäck som är uppdragen i brösthålan och 
snabbare tarmrörelser p.g.a. att man delat vagusnerven. Detta resulterar i långsammare 
magsäckstömning, reflux, dumping, diarré, aptitlöshet och ätsvårigheter.  
Syfte med denna avhandling var att undersöka hur patienternas dysfagi påverkas av den 
neoadjuvanta behandlingen, om viktförlusten efter esofagektomi minskar efter 
minimalinvasiv kirurgi jämfört med öppen kirurgi. Vidare om energiintag, total 
energiförbrukning och kroppsvikt före och efter neoadjuvant behandling samt efter 
esofagektomi förändras. Slutligen ville vi utforska om patienter som väntar längre tid på 
kirurgi efter avslutad neoadjuvant behandling har en bättre vikt- respektive dysfagiutveckling. 
I delstudie I följde vi patienter före, under och efter neoadjuvant behandling avseende 
dysfagi. Vi kunde se att dysfagin minskade signifikant redan efter den första veckans 
cytostatikabehandling och patienterna kunde svälja mat i fastare konsistens. Sväljförmågan 
förbättrades sedan ytterligare under den neoadjuvanta behandlingen fram till esofagektomin. 
Denna studie visade att man kan avvakta effekt av cytostatikabehandlingen innan man fattar 
beslut om stenting (rör i matstrupen) eller inläggning av matningsslang in i magsäcken för att 
säkerställa näringsintaget i väntan på operation.  
I delstudie II jämförde vi viktförlust under första året efter esofagektomi mellan olika 
operationstekniker: minimalinvasiv kirurgi och traditionell öppen kirurgi. Resultatet visade 
inte någon signifikant skillnad i viktförlust mellan de olika grupperna. Patienter som 
opererades med minimalinvasiv kirurgi minskade mindre i vikt jämfört med de som 
opererades med öppen kirurgi i de fall de fick allvarliga komplikationer efter operationen, 
skillnaden försvann dock vid 6 månader efter operation. 
I delstudie III undersökte vi den totala energiförbrukningen i relation till energiintag samt 
viktutveckling innan och efter neoadjuvant behandling samt 3 och 6 månader efter 
esofagektomi. Kroppsvikten minskade signifikant vid varje mättillfälle jämfört med baslinjen 
medan den största viktnedgången sågs 3 månader efter operationen. Vi såg en negativ 
energibalans vid baslinjen och vid 3 månader efter operationen. 
Delstudie IV var en del av en större randomiserad kontrollerad studie där man jämförde 
patienter med standard (4–6 veckor) eller fördröjd (10–12 veckor) väntetid till esofagektomi 
efter avslutad neoadjuvant behandling. Vi ville undersöka om den längre väntan till operation 
kunde ha en positiv effekt på vikt- och dysfagiutvecklingen. Patienter med standardväntan till 
operation förlorade signifikant mer i vikt mellan avslutad neoadjuvant behandling och 
operation jämfört med gruppen med förlängd väntan som ökade sin vikt signifikant under den 
längre väntetiden och hade nästan samma vikt som innan start av behandling. Dysfagin 
förbättrades signifikant för både grupperna mellan behandlingsstart och operation. Vi delade 
också upp patienterna i undernärda eller ej innan start av behandling för att se om det var 
någon skillnad avseende komplikationer efter operationen vilket inte kunde påvisas. 
Sammanfattningsvis så minskade patienternas dysfagi märkbart under den neoadjuvanta 
behandlingen vilket pekar på ett värde i att invänta effekten av cytostatikabehandlingen och 
under tiden konsistensanpassa maten. Nutritionsinsatser och uppföljning är viktigt för att 
bibehålla eller förbättra energiintag och förebygga viktförlust redan vid diagnostillfället, 
under den neoadjuvanta behandlingen samt under de tre första månaderna efter operation. 
Den förlängda tiden efter avslutad neoadjuvant behandling var fördelaktig för patienternas 




The most common symptom of oesophageal cancer is difficulty swallowing, dysphagia, due 
to the tumour obstructing the oesophageal lumen often resulting in weight loss. In patients 
diagnosed with oesophageal cancer malnutrition is reported in 60-85%. 
Neoadjuvant treatment with subsequent oesophagectomy is the standard curative intent 
treatment in most countries. Neoadjuvant treatment, either neoadjuvant chemoradiotherapy 
(nCRT) or perioperative chemotherapy (pCT), might cause further symptoms affecting 
nutritional intake and thereby cause weight loss.  
Oesophagectomy is an extensive procedure where the oesophagus is removed and most often 
replaced with a gastric tube conduit affecting patients´ nutritional intake due to the altered 
anatomy. During recent years different minimally invasive techniques has been introduced in 
order to minimize the surgical trauma. 
Most of the patients receive a feeding jejunostomy during surgery securing nutritional intake 
during the time they, often, are restricted from eating orally and during the time they increase 
their oral intake.  
In Study I we assessed dysphagia in patients undergoing neoadjuvant treatment before 
oesophagectomy. Patients received either neoadjuvant chemotherapy (nCT) or nCRT, both 
with induction chemotherapy for 1 week. The dysphagia improved significantly after first 
cycle of chemotherapy with further improvements after completed neoadjuvant treatment. 
There was no correlation between dysphagia relief and histological response. 
In Study II we compared weight development after open Ivor Lewis oesophagectomy to 
minimally invasive Ivor Lewis oesophagectomy (MIIL) or minimally invasive McKeown 
oesophagectomy (MIMK). We found no significant difference between weight development 
after the greater surgical trauma associated with open surgery and the minimally invasive 
approaches. We saw a non-significant trend towards a lower risk of 10% or more weight loss 
at 3 months after surgery in case of severe postoperative complications after MIIL compared 
to open IL. 
In Study III we assessed the energy intake and the total energy expenditure (TEE) before and 
after neoadjuvant treatment and at 3 and 6 months after oesophagectomy. We found a 
negative energy balance at baseline and at 3 months after surgery. Mean weight decreased 
significantly at all time points compared to baseline with the greatest weight loss at 3 months 
postoperatively. 
In Study IV we compared weight and dysphagia development between standard and 
prolonged waiting time to oesophagectomy after completed nCRT. We also compared 
patients malnourished or not at baseline in each group for risk of postoperative complications. 
Patients gained weight during the prolonged time to surgery and almost returned to the same 
weight as at baseline. Dysphagia improved significantly in both groups, with a further but 
nonsignificant improvement during the prolonged time to surgery. Malnutrition at baseline 
did not affect postoperative complications between the groups. 
In conclusion, patients´ dysphagia improved during neoadjuvant treatment suggesting 
nutritional interventions as first line treatment awaiting effect of chemotherapy. There was no 
difference in weight loss between open and minimally invasive oesophagectomy. Results 
from this thesis also suggests that early nutritional interventions and follow up regarding 
energy and protein intake is important to maintain or prevent weight loss during the 
neoadjuvant treatment and during the first three postoperative months. We did also see a 
beneficial effect on patients´ weight development after prolonged time to surgery after 
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Oesophageal cancer is the seventh most common cancer in the world and the sixth most 
common cause of cancer-related death globally and the 5-year survival for all diagnosed with 
oesophageal cancer is less than 20%. Only 30-40% of the patients are resectable at diagnosis 
(1) mainly due to the elasticity of the oesophagus resulting in late onset of symptoms and an 
advanced stage at the time of diagnosis contributing to the poor prognosis (2, 3). Dysphagia is 
the most common symptom (2), present in 90% of the patients (4), contributing to reduced 
oral intake and 60-85% of the patients are malnourished already at the time of diagnosis (5).  
For patients diagnosed with oesophageal cancer the common practice in most centres for 
curative intent treatment is neoadjuvant treatment followed by surgery, oesophagectomy, (6-
9) with an improved overall 5-year survival of nearly 50% compared to 33% in surgery alone 
group (9). The oncological treatment might give symptoms worsening nutritional intake (10, 
11) but on the other hand, improvement in dysphagia after chemotherapy have also been 
observed (12, 13). 
There are many complicating factors related to oesophagectomy, making it one of the 
procedures with the highest impact on patients’ quality of life in the field of elective 
gastrointestinal (GI) surgery. During the recent years minimal invasive oesophagectomy 
(MIO) has become the standard approach in many countries (14) as a strategy to improve 
short-and long-term outcomes after oesophagectomy by minimizing the surgical trauma (6, 
15-17) and with less postoperative complications (18).  
 
Several studies report weight loss up to 12% during the first six months after 
oesophagectomy (19-21) and more than half of the patients have lost more than 10% of their 
preoperative weight at 12 months after surgery (19) which is partly due to the permanently 
altered anatomy when reconstructing the GI contingency. These changes are associated with 
long-term functional disorders affecting the nutritional intake negatively (22, 23). 
Nutrition is an essential part in oesophageal cancer management (24) and the aim of this 
thesis was to contribute with more knowledge about the patients´ nutritional status according 
to different preconditions and at different time points during the treatment trajectory to be 
able to improve nutritional interventions.  
The effect of neoadjuvant treatment on dysphagia was noticed by oncologists (25) but this 
effect was not examined prospectively; in study I we assessed patients´ dysphagia and 
weight development before and after neoadjuvant treatment.  
The improvement in short- and long-term outcomes after minimal invasive oesophagectomy 
compared to open surgery has been studied and hypothetically patients might lose less weight 
after MIO, which we compared in study II.  
Information of energy and protein intake in relation to total energy expenditure (TEE) before 
and after neoadjuvant treatment as well as after oesophagectomy is scarce so study III was 
conducted to explore this.  
 
6 
Further, in study IV we did evaluate if delayed time to surgery compared to standard time to 
surgery might have a positive effect on patients´ ability to improve weight and dysphagia and 





 OESOPHAGEAL CANCER 
2.1.1 Epidemiology 
In the 21st century cancer is expected to be the leading cause of death and single most 
important obstacle to increasing life expectancy in all countries in the world (26). 
Contributing reasons are aging, growth of the population and changes in prevalence and 
distribution of main risk factors associated with socioeconomic development. 
Oesophageal cancer is the seventh most common cancer in the world and the sixth most 
common cause of cancer-related death globally, making it responsible for 1 in 20 cancer 
deaths in 2018 (26). Oesophageal cancer has a male dominance of 70% and the incidence 
increases with age (2, 26). There are two major histological subtypes of oesophageal cancer, 
squamous cell carcinoma (SCC) and adenocarcinoma (AC), were SCC accounts for 90% of 
the cases worldwide when AC is the most increasing type. 
SCC is most common in East Africa, South America and the so-called oesophageal cancer 
belt beginning in northern China and stretches through central Asia to northern Iran while AC 
is especially prevalent in North America, Europe and Australia (2). The 5-year survival for all 
patients diagnosed with oesophageal cancer is less than 20%.  
2.1.2 Risk factors 
The geographic and socioeconomic differences in oesophageal cancer are strikingly between 
the two major subtypes (26, 27). The risk for SCC increases with recurrent chemical or 
physical injury to the oesophageal mucosa (2). The major risk factors for SCC in high-
income countries are tobacco smoking and overconsumption of alcohol while in other parts 
suspected risk factors include betel quid chewing and thermal injury due to drinking very hot 
beverages (2, 26). In other lower income countries (parts of Asia and south of Sahara in 
Africa) the risk factors are not yet elucidated. Other contributing risk factors for SCC are low 
intake of vegetables and fruits, and deficiencies in micronutrient, for example vitamin A and 
vitamin E (2).  
The declining incidence of SCC in certain areas in Asia may be derived from better economic 
preconditions and dietary improvements while the reduction in high-income countries 
presumably are caused by decline in cigarette smoking (26).  
For AC the major risk factors in high-income countries are obesity, with central or visceral 
obesity, and gastro-oesophageal reflux of acid and/or bile (2, 26). Obesity can increase reflux 
by an increased intra-abdominal pressure. Both obesity and gastro-oesophageal reflux are 
associated with Barrett oesophagus, a preneoplastic tissue where squamous oesophageal 
epithelium is replaced by columnar intestinal-type mucosa (2). Tobacco smoking is a risk 




2.1.3 Clinical presentation 
In early stages oesophageal cancer is often asymptomatic (28). The most common symptom 
of oesophageal cancer is difficulty swallowing, dysphagia, due to tumour obstruction (2, 29, 
30) or combined with unintentional weight loss (often ≥10% in the preceding 3-6 months) 
(28). Other symptoms are odynophagia (pain when swallowing), new onset of dyspepsia, 
heartburn, chest pain or anaemia (28).  
The late onset of symptom is due to the elasticity of the oesophagus where dysphagia to 
solids might not occur until two-thirds of the oesophageal lumen is affected by the tumour 
resulting to an advanced stage at the time of diagnosis which contributes to the poor 
prognosis (2, 3). Late symptoms indicating advanced tumour disease are hoarseness and 
severe cough caused by involvement of the left laryngeal nerve and tumour fistula from the 
oesophagus to the respiratory tract, respectively (31).  
2.1.4 Diagnosis and staging 
When patients present with symptoms indicating oesophageal cancer an endoscopy is 
performed, the gold standard for detection and diagnosis of oesophageal cancer, and biopsies 
of suspicious lesions are taken (2, 28). The next step is staging of the tumour performed by 
positron emission tomography (PET) together with computed tomography (CT) were CT is 
more sensitive to evaluating local-regional lesions and PET distant metastases (28).  
If no distant metastases are detected an endoscopic ultrasonography can be performed to 
determine tumour depth and nodal involvement. Clinical and pathological staging is 
important for best treatment option and should be performed according to the TNM (tumour-
lymph node-metastasis) classification. The final and appropriate treatment recommendation 
for each patient individually is based on a multidisciplinary team (MDT) meeting (31, 32) 
where comorbidities, physical performance and age are also taken into account (32).  
2.1.5 Dysphagia 
Dysphagia is present in 90% of the patients at the time of diagnosis (4) and seem to be the 
primary contributor to malnutrition rather than the metabolic effect from the tumour (33).  
Dysphagia caused by tumour is referred to as oesophageal or “low” dysphagia, which is 
different from oropharyngeal or “high” dysphagia often seen in neurological patients (34). 
There are special instruments to measure patient´s ability to swallow, where Ogilvie and 
Watson are the most common for low dysphagia assessment and have recently been validated 
for use in assessing dysphagia in oesophageal malignancy (35).  
Ogilvie score grades dysphagia in five levels, 0=no dysphagia, 1=normal diet avoiding 
certain foods such as raw apple and steak, 2=semi-solid diet, 3=fluids only, 4=complete 
dysphagia even for liquids (36). The Watson scale consist of a composite score of questions 
evaluating ability and frequency of problems to swallow nine different types of foods and 
liquids: never, sometimes or always and thereafter adding the scores in the range 0-45 where 
0=no dysphagia and 45=total dysphagia (37, 38). Ogilvie score is the most adapted clinical 
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used instrument, also named as Atkinson (39) and Mellow Pinkas (40), and is also used in our 
clinic, Department of Upper Abdominal Diseases, Karolinska University Hospital, to grade 
patients’ dysphagia. 
Since neoadjuvant treatment prolongs the time from diagnosis to surgery problems may arise 
regarding the management of dysphagia to secure nutrition during the oncological treatment 
period until surgery. Earlier, self-expanding metal stents were frequently inserted to relieve 
dysphagia but they often migrated during neoadjuvant therapy (41). In 2016, the European 
Society of Gastrointestinal Endoscopy (ESGE) guidelines came with recommendation against 
self-expanding metal stents due to adverse events such as stent migration and chest 
discomfort (42), as well as complications which may compromise the opportunity for 
curative surgery (43).  
Apart from oesophageal stents there are other ways to secure nutritional intake. In a review 
published in 2018 no optimal nutritional approach could be concluded among oesophageal 
stenting, feeding jejunostomy, gastrostomy or nasogastric feeding (44). Percutaneous 
endoscopic gastrostomy (PEG) placement may be contraindicated for oesophageal cancer 
patients scheduled to undergo a gastric tube reconstruction during oesophagectomy, and a 
nasogastric feeding tube for enteral nutrition (EN) support is therefore the preferred 
alternative (42).  
A fast start of neoadjuvant treatment combined with close nutritional support can provide 
relief of dysphagia without invasive treatment (45).  
 
 TREATMENT 
Surgical resection alone, oesophagectomy, has been the primary treatment for locally 
advanced oesophageal and junctional cancer for decades, but the prognosis postoperatively 
remained unsatisfactory leading investigators to evaluate the combination of chemotherapy, 
with or without radiotherapy, followed by surgery (46). Earlier studies had provided evidence 
for survival benefit for neoadjuvant treatment compared to surgery alone (7, 8).  
Patients with cervical SCC are recommended definitive chemoradiotherapy, which can be 
considered an alternative standard of care for SCC of the mid and lower oesophagus (2).  
For patients with unresectable tumours several options for palliative treatment are available 
including chemotherapy, external radiotherapy, local radiotherapy (brachytherapy), 
oesophageal stents, surgical placement of gastrostomy or jejunostomy (2, 28). The same 
applies to more than 50% of the patients initially treated with curative intent and later develop 
recurrence disease. 




2.2.1 Oncological treatment 
Over the years there have been numerous strategies aiming to improve the treatment results 
of oesophageal cancer patients by adding neoadjuvant chemotherapy (nCT), neoadjuvant 
chemoradiotherapy (nCRT) or perioperative chemotherapy (pCT) to the oesophagectomy 
(32).  
Treatment practices vary around the world for locally advanced oesophageal cancer but there 
is a global consensus that surgery alone no longer should be the standard of care (32).  
One of the first randomised controlled trials (RCT) comparing nCT to nCRT was the NeoRes 
I trial showing that nCRT results in a higher histological response rate without affecting 
survival (47). 
An important study regarding neoadjuvant treatment in oesophageal cancer patients is the 
CROSS study comparing nCRT with subsequent oesophagectomy to surgery alone 
demonstrating 14% increase in overall 5-year survival for both AC and SCC (9). 
For patients with tumours in the gastroesophageal junction pCT has shown improved survival 
compared to surgery alone (48, 49). Previous pCT regimens were associated with high 
toxicity so a modified regimen was developed, FLOT (5-Fluorouracil, Leucovorin, 
Oxaliplatin, Docetaxel) showing better tolerance, higher tumour response and, improved 
overall survival compared to its precursors (50-52). 
In 2014 a study group suggested that prolonged time to surgery after nCRT increases 
histopathological response without affecting survival in patients with oesophageal or 
junctional cancer (53), which was in line with results reported in rectal cancer patients (54). 
2.2.2 Surgery 
2.2.2.1 History 
The first successful transthoracic resection for oesophageal cancer was performed in 1913 by 
Franz John A. Torek who used an external rubber tube for reconstruction. In 1946 Ivor Lewis 
described a two-stage transthoracic oesophagectomy with gastric mobilisation (14). The Ivor 
Lewis procedure is suitable for tumours in the distal oesophagus, but it is difficult to access 
the upper and middle thirds of the oesophagus as well as performing an anastomosis high in 
the chest. Thus, an alternative procedure was introduced by McKeown in 1976, a three-
incision approach, including a left cervical anastomosis.  
For patients less fit for extensive surgery and in no condition to undergo thoracotomy, a 
transhiatal approach is preferable, first performed for oesophageal carcinoma by Turner in 
1933 (14, 31). 
The preferred technique for reconstruction after an oesophagectomy is gastric tubulisation 
and pull-up (54).  
The first MIO was described in 1992 and over the last years various techniques have been 
implemented aiming to minimise the surgical trauma and the use of minimally invasive 
approach is increasing (14, 55). The first randomised controlled trial (RCT) comparing open 
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surgery to MIO, published in 2012 showed significantly less pulmonary infections within 2 
weeks postoperatively, less blood loss, shorter hospital stay and better quality of life for MIO, 
and comparable results regarding the radicality (6, 14). A disadvantage is the long learning 
curve for MIO (14, 55). Robot-assisted MIO is a further development of minimally invasive 
approach with shorter learning curve and was first described in 2005 (14). 
2.2.2.2 Surgical approaches 
For patients with very early stage tumours limited to the mucosa or submucosa a local 
endoscopic treatment, endoscopic mucosal resection (EMR) or endoscopic submucosal 
dissection (ESD), is the first choice (2, 28, 32).  
For more advanced tumours the standard of care is nCRT or pCT followed by 
oesophagectomy (32). Surgery can be performed as Ivor Lewis, McKeown or transhiatal 
oesophagectomy, both as open, exclusively minimally invasive or as hybrid (some parts of 
the operation as open and some parts as minimally invasive) procedure. The transthoracic 
Ivor Lewis or McKeown procedures are more often performed compared to transhiatal 
approach allowing adequate thoracic lymph node dissection (56) and it is well established 
that the presence and greater number of lymph node metastases is associated with worse 
prognosis (57).  
In the western world, with a higher frequency of AC located in the distal third of the 
oesophagus and the gastroesophageal junction, the Ivor Lewis technique with resection of the 
lowest part of the thoracic oesophagus and with anastomosis often performed in the middle 
mediastinum is the most used technique (32, 58, 59). The two-stage Ivor Lewis approach 
includes an abdominal part where the stomach is mobilised, and the surrounding lymph nodes 
are resected followed by access to the right thorax where the oesophagus and the regional 
lymph nodes are removed (59). The stomach is then pulled up into the chest and a gastric 
tube is formed using the greater curvature of the stomach. Finally, an intrathoracic 
oesophagogastric anastomosis is performed (59, 60).  
For tumours in the upper and middle thirds, of the oesophagus the three-stage McKeown 
procedure is more suitable since the Ivor Lewis procedure may not guarantee adequate 
resection margin to the tumour (56). The McKeown procedure involves mobilisation of the 
whole thoracic oesophagus and its surroundings lymph nodes through the right chest 
followed by abdominal mobilisation of the stomach, gastric tube formation and finally left 
cervical incision with pull up of the conduit and formation of anastomosis in the neck (14, 32, 
59).  
A cervical anastomosis is technically less challenging compared to the intrathoracic one but 
associated with a higher incidence of anastomotic leak. On the other hand, an anastomotic 
leakage in the neck is often less severe and can be easier managed (56).  
The least invasive transhiatal oesophagectomy is suitable for patients with lower oesophageal 
and junctional tumours and assessed not to be in condition to undergo a thoracotomy. It 
involves an abdominal part with mobilisation of the stomach as well as the lower and middle 
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oesophagus through hiatus followed by a left cervical incision, mobilisation of the proximal 
oesophagus and finally pull up of the gastric conduit and anastomosis in the neck. (14, 59). 
This approach reduces the surgical trauma and may prevent postoperative complications such 
as pneumonia and mediastinitis (14) but on the other hand provides limited exposure of the 
tumour as well as less extensive lymphadenectomy (59). 
2.2.2.3 ERAS/ERP 
Enhanced recovery after surgery (ERAS) is a standardised program of clinical care to 
improve the perioperative course and was first introduced in colon cancer surgery (61). In 
oesophageal cancer surgery it was first introduced as a fast-tracking pathway after Ivor Lewis 
oesophagectomy (62). In oesophageal cancer surgery the enhanced recovery program (ERP) 
has been developed and modified over the years but the main concept is fluid restriction 
during surgery, avoidance of unnecessary placement of drains, immediate postoperative 
extubation, early mobilization, early removal of nasogastric tube, early start of jejunal tube 
feeding and active pain control (63-65). 
2.2.2.4 Postoperative complications 
Postoperative complications are classified after the Clavien Dindo score (C-D), grades I-V 
(66). The cut off for severe complications is ≥IIIb, where grade IIIb requiring intervention 
under general anesthesia, grade IV is a life-threatening complication requiring ICU-
management (IVa; single organ dysfunction, IVb; multi organ dysfunction) and grade V is 
death. 
Oesophagectomy is a complex operation with many potential complications (67) and is 
historically associated with considerably morbidity and mortality (68). During the last decade 
significant improvements regarding morbidity, mortality, and survival after oesophagectomy 
have been made. The improvements are due to centralisation (69), the minimally invasive 
approach (6) and oncological treatments (8), but still anastomotic leakage, airway fistulas, 
postoperative pulmonary complications, and chylothorax may occur (70).  
One of the most feared postoperative complications after oesophagectomy is anastomotic 
leakage, occurring in up to 20% of the cases (71), with a reported 30-day mortality up to 
35.7% (70, 72). As described above the intrathoracic anastomosis is associated with less 
anastomotic leakage and better functional results compared to the cervical anastomosis (56, 
70).  
The longer the gastric conduit tube is made (as in McKeown procedure) the higher the risk 
of ischemia at the gastric tip caused by higher tension and the naturally limited circulation to 
the proximal part of the stomach (70, 73) which may be the cause of more ischemia in 
cervical anastomosis leading to leakage (68).  
Another possible cause of anastomotic leakage is nCRT, where radiation to the proximal part 
of the stomach (gastric fundus) increases the risk (74, 75). Other contributing factors are 
obesity, heart failure, diabetes, renal insufficiency and tobacco use (76). Anastomotic leak 
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prevention should, among other things, focus on preoperative nutritional status and resuming 
early postoperative EN (70, 77). 
The treatment of anastomotic leaks depends on the extent of circumferential involvement as 
well as the state of the patient. The management can be: (i) conservative, (ii) endoscopic 
interventional treatment, and (iii) surgical revision (70).  
As a result of anastomotic leakage, a stricture postoperatively is likely to occur and is treated 
with endoscopic dilatation. Anastomotic strictures are seen in significantly higher proportion 
in patients after McKeown procedure compared to after Ivor Lewis procedure (56.2% versus 
6.2%) (68).  
 
The cervical anastomosis is also associated with increased risk for vocal cord palsy (68, 70, 
73), which is probably caused by the cervical dissection close to the recurrent laryngeal nerve 
and may also result in aspiration and cough reflex disorders (73).  
Fewer complaints of dysphagia, dumping syndrome, and regurgitation after an intrathoracic 
anastomosis compared to cervical anastomosis have also been reported (68).  
Finally, it seems to be no difference in occurrence of chyle leakage between the two 
approaches (73). 
 NUTRITIONAL STATUS AND NUTRITIONAL SUPPORT 
Malnutrition is reported to be prevalent in 60-85% of the oesophageal cancer patients at the 
time of diagnosis (5). Malnutrition is, according to The European Society for Clinical 
Nutrition and Metabolism (ESPEN), defined as a state resulting from lack of intake or uptake 
of nutrition leading to an altered body composition, decreased fat-free mass, and body cell 
mass which thereafter results in diminished physical and mental function as well as impaired 
clinical outcome from disease (78).  
During the years, different criteria to diagnose malnutrition have been suggested with the 
most recent from Global Leadership Initiative on Malnutrition (GLIM) (79). The diagnosis is 
set in two steps, starting with screening for patients at risk for malnutrition using a validated 
screening tool and thereafter a combination of one phenotypic criterion together with one 
etiological is required for the diagnosis of malnutrition.  
The phenotypic criterion is defined as weight loss >5% within past 6 months/>10% beyond 6 
months, low body mass index (BMI) (<20 if <70 years, or <22 if ≥70 years), or reduced 
muscle mass. The etiological criterion is defined as reduced food intake or assimilation of 
≤50% of energy requirements >1 week/any reduction for >2 weeks, or any chronic GI 
condition that adversely impacts food assimilation or absorption, or inflammation due to 
acute disease/injury or is chronic disease-related. The second step also includes severity 
grading of the malnutrition.  
In previous studies, the definition of malnutrition is often referred to as weight loss of >5% 
over 1-3 months or >10% in the last 6 months or indefinite of time (33, 80, 81). 
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To support muscle mass and physical function there is a strong recommendation to increase 
the level of physical activity for all cancer patients (82). Regarding prehabilitation, it has been 
concluded that preoperative exercise therapy does contribute to decreased postoperative 
complication rates, shorter length of hospital stay and training of the inspiratory muscles 
decreased pulmonary complications in patients undergoing abdominal surgery (83). 
2.3.1 Before treatment 
Oesophageal cancer is one of the cancer types with the highest risk for weight loss and 
malnutrition (24) making early nutritional interventions crucial.  
Nutritional assessment including measuring body weight, recent weight loss, nutrition history 
to determine food intake and severity of dysphagia are an important and easy first step in 
identification and treatment of malnutrition (10). 
Dysphagia, as earlier mentioned, is often the primary symptom for patients suffering from 
oesophageal cancer (30) combined or not with odynophagia (2). Many patients have already 
adapted to their new situation by chewing more thoroughly and have modified the 
consistency of food texture, often unconsciously (10, 30).  
Usually patients with dysphagia experience difficulties swallowing only some types of food 
where meat and soft bread initially are the most challenging textures (3). The patients might 
exclude foods and only chose very soft and easy-to-swallow foods making them at risk for 
deficiencies of both macro- and micronutrients as well as fluid intake. 
Dysphagia may vary and change over time, so food modifications are needed regularity. 
Nutritional counselling by a dietitian helps the patients to modify the consistency of food 
optimising the nutrient intake and, if needed, receive prescription of oral nutrition 
supplements (ONS). 
The recommendations for dietitian follow up is once every fortnight during the diagnostic 
phase (84) to be able to detect low energy and protein intake and continued weight loss. If the 
patient, despite of dietary modifications and ONS, continue to lose weight other options for 
nutrition support is nasogastric feeding tube or surgical jejunostomy for EN support or 
parenteral nutrition (PN) (3).  
An intensive nutritional support by a dietitian may decrease severe postoperative 
complications in oesophageal cancer patients (84). 
2.3.2 During oncological treatment 
Malnutrition is a risk factor for bad compliance to chemoradiotherapy and improved outcome 
is achieved by early and frequent contact with a dietitian, every one or two weeks during 
nCRT (4, 29, 33, 84). Side effects associated to chemotherapy affecting nutritional status are 
esophagitis, stomatitis, nausea, vomiting and diarrhoea whereas reactions to radiotherapy, 
which is often given simultaneously to chemotherapy, are also oesophageal inflammation as 
well as odynophagia and oesophageal narrowing, making swallowing painful and difficult 
(10, 11).  
Continued personalised nutritional advices and ONS may increase dietary intake and prevent 
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weight loss (5) and ONS can improve weight gain before surgery (33). Nutritional support by 
EN to patients receiving nCT or nCRT results in weight maintenance, reduced toxicity, and 
prevention of treatment interruption (85).  
The loss of muscle mass might be difficult to detect in obese cancer patients but is associated 
with higher incidence of toxicity during treatment (86), making it important to be observant 
of earlier or ongoing weight loss in these patients. 
2.3.3 Post oesophagectomy 
As previously described, oesophagectomy is an extensive procedure with dissection within 
the chest cavity, the abdomen and sometimes also in the neck (3, 6). Weight loss of 5-12% 
during the first six months after oesophagectomy is reported in several studies (19, 20, 22).  
Patients operated with MIO have a faster recovery and mobilisation with better respiratory 
function compared to open surgery resulting in improved capacity to handle adverse events 
(6, 16, 87).  
The oesophagectomy permanently alters the anatomy with resection of the lower oesophageal 
sphincter, partial resection of the stomach, which is formed to a gastric tube and pulled up 
into the chest. The vagotomy performed during oesophagectomy may result in dysmotility of 
the gastric remnant and pylorus dysfunction (88).  
2.3.3.1 Surgery-related complications and nutrition 
The most common complications related to surgery are pulmonary complications, 
anastomotic leak, chyle leak and laryngeal nerve injury (24).  
The vocal cord paralysis due to laryngeal nerve injury may result in aspiration leading to 
pulmonary infection (89) while in some patients hoarseness is the only symptom of recurrent 
nerve damage (24). By delaying oral intake after oesophagectomy cervical anastomotic leak 
can be reduced (90) and prevention of aspiration by oral diet modifications and/or tube 
feeding are crucial for nutritional maintenance (24). 
When anastomotic leakage is confirmed the patient is fasting and the nutrition should be 
administered via enteral route downstream the leakage or via PN if EN is not an option (91). 
Not only does the anastomotic leakage affect oral intake in the initially postoperative period 
but also henceforth due to higher incidence of anastomotic stricture (92). Prophylactic PPI 
(proton pump inhibitors) treatment commonly reduces the incident of dysphagia caused by 
benign anastomotic strictures (93). 
During oesophagectomy, lymphadenectomy is performed and the incidence of chyle leakage 
after surgery is up to 18% and treatment is mainly a low-fat diet or nil-by-mouth with PN if 
not refractory leakage needing surgery (94). Chyle is generally milky in colour but during the 
initial postoperative phase when the fat intake is low it can be clear (67). The use of low-fat 
formula EN as a routine the first 7 days after oesophagectomy might prevent chyle leakage 
(95). The flow of chyle increases by the amount of fat intake and by physical activity, 
especially of torso or upper extremity exercises (96).  
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A “fat free” diet contained of <0.5 g fat/serving and medium chain triglycerides (MCT) can 
be used since they do not require transport via the lymphatic system. The EN with MCT 
allows continued intestinal feeding reducing the risk of bacterial translocation and deficiency 
of fat-soluble vitamins (24) compared to a “fat free” oral diet. The chyle leakage leads to 
significant loss of essential proteins and immunoglobulins, fat, vitamins, electrolytes and 
water (21) and the total energy composition of chyle is approximately 200 kcal/L (96).  
2.3.3.2 Enteral and oral nutrition 
During the first days after oesophagectomy, regardless approach, most centres advocate a nil-
by-mouth regime supported by EN (97), delaying start of oral intake to decrease risk of 
anastomotic leakage, aspiration pneumonia and mediastinitis (90, 97, 98) while others state 
early oral feeding is safe (99-101).  
The ERAS concept recommend early oral feeding after surgery but it remains unclear 
whether this can be applicable in the early postoperative phase after oesophagectomy (102). 
In the recently published guidelines for ERAS post oesophagectomy no recommendation 
regarding start of oral feeding was made but the importance of early EN was underlined 
(103). These recommendations are in line with “ESPEN guidelines: Clinical nutrition in 
surgery” stating there are no controlled data supporting immediate oral intake for patients 
after oesophagectomy (83). 
Placement of a feeding jejunostomy during operation is recommended and effectively 
prevents severe weight loss during the postoperative period (98, 104). Routine discharge with 
supplementary feeding via a jejunostomy tube is recommended and many of the problems 
connected to consuming a full oral diet shortly after oesophagectomy will then be avoided 
(64) and patients´ nutritional requirements are met during the time they adjust to an increase 
of oral nutrition.  
A review of nutritional effects after oesophagectomy, published in 2016, concluded that focus 
has been on EN in the immediate perioperative period with limited information on extended 
EN (after discharge from hospital) and how this may affect weight development (19). Studies 
focusing on extended home EN suggest that even though patients lose weight it might be to a 
lesser extent and may improve quality of life (105-107). 
To encourage appetite the EN is preferably given during night (3, 105) but some patients 
report significant disruption to sleep with overnight feeding so a regimen with feeding in late 
afternoon and/or evening is then preferable (108, 109). The oral intake is not reduced when 
patients receive proper amount of tube feeding (23, 108, 110, 111) and the nutritional goal are 
met with a significantly higher total nutritional intake in patients receiving EN compared to 
patients with only per oral intake (108).  
In a study from the Netherlands comparing early to late oral intake after oesophagectomy 
they found that patients in the early per oral group, without EN, lost more weight during the 
first months compared to patients awaiting oral intake and initially received EN, but this 
difference was eliminated in the following months (99).  
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Another study comparing early oral intake to conventional late oral feeding stated that early 
oral feeding post oesophagectomy is safe (100). The patients in early oral group began intake 
of liquid food at will at postoperative day (POD) 1 and proceeded to soft food. The 
conventional group received EN and nil-by-mouth the first 7 postoperative days. The 
patients’ mean intake was 172 mL at POD 1 and 1803 mL at POD 7, but no calculation of 
kilocalories (kcal) was made, there was no clarification of type of liquids consumed and they 
did not report weight development. In the same study, it was also showed that gastric 
emptying for liquid food was significantly faster after oesophagectomy compared to before 
surgery.  
The opinions regarding when to start the oral intake after oesophagectomy differs between 
centres but a transition regarding consistency from liquid diet to soft diet with addition of EN 
which decreases as oral intake increases seem to be the same.  
Follow up by dietitian is suggested 2-3 times per week during hospital stay (84). 
2.3.3.3 Surgical techniques and nutrition 
The different surgical approaches also affect patients’ nutrition in different ways. Patients 
undergoing McKeown oesophagectomy have worse functional results compared to patients 
operated with Ivor Lewis procedure (68). Patients operated with McKeown have more 
problems with dysphagia, dumping, higher incidence of recurrent laryngeal nerve palsy and 
more frequent problems with regurgitations as well as higher rate of benign anastomotic 
stricture requiring dilatation. However, the peristaltic activity is not dependent on the level of 
the anastomosis and the gastric conduit empties slowly after both Ivor Lewis and McKeown 
procedures (112).  
After McKeown procedure more of the gastric fundus is retained leaving more ghrelin 
producing cells stimulating appetite (113). 
2.3.3.4 Nutritional consequences 
Factors negatively affecting nutritional intake post oesophagectomy seem to change and the 
initially early satiety due to the smaller gastric reservoir and the reduced motor function 
slowly recovers over time (88), as well as the gastric emptying of solid foods which is 
markedly prolonged in approximately 50% of the patients one week after oesophagectomy 
significantly increases over time (114).  
Dumping syndrome is also due to the smaller gastric reservoir, divided in early and late 
forms, where early dumping is more common (88, 115). Early dumping, 10 to 30 minutes 
after food intake, results from an accelerated gastric emptying of hyperosmolar content from 
the gastric conduit to the small intestine (115). The body ambition to balance this 
hyperosmolarity leads to shift in fluids from the intravascular compartment to the small 
bowel causing distension and intravascular volume contraction.  
Early dumping comes with a variety of symptoms including bloating, diarrhoea, nausea, 
tachycardia, and fatigue.  
Late dumping, 1-3 hours after a meal, is caused by the rapid delivery of high concentration of 
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carbohydrates into the small intestine followed by rapid absorption of glucose into the blood. 
The high level of glucose in the blood results in excessive release of insulin causing 
hypoglycaemia, where some of the symptoms are shakiness and decreased consciousness.   
Dietary modifications relieve the symptoms in most of the patients but approximately 3-5% 
of the patients with severe symptoms are unaffected to dietary modifications (114). The 
symptom can be relieved with a reduction of fluids, especially sweetened, in favour for more 
solid foods as well as a decrease of carbohydrates and increase of protein and fat (115). 
Simple sugars should be avoided, and complex carbohydrates are preferred. With increasing 
time after surgery the dumping syndrome is improved (116). 
The postprandial satiety gut hormone response is exaggerated after oesophagectomy, 
compared to preoperatively, which might affect early satiety, body weight and GI symptoms 
(117). Another hormone, ghrelin, secreted by the fundic glands in the stomach stimulating 
appetite has been found to be temporary reduced first 6 months after oesophagectomy (118). 
During the first year after surgery, before the body adapts to the new circumstances, the 
inhibited passage of foods with high viscosity, reflux and absence of hunger affect nutritional 
intake and weight loss (23). The energy and protein intake as well as micronutrients have 
been found to be below recommendations 12 months after oesophagectomy (119).  
Long-term impaired nutritional status after oesophagectomy may be due to malabsorption 
and many patients have steatorrhea indicating exocrine pancreatic insufficiency (120, 121) 
requiring pancreatic enzyme replacement therapy (122). If a pyloromyotomy or pyloroplasty 
is part of the oesophagectomy this might increase the risk for dumping and diarrhoea (21, 88, 
116).  
 
Recommended follow up by a dietitian is every other week after discharge until patients are 
weight stable and then every 3 months until 12 months after surgery (83, 84, 119).  
Long-term functional disorders after oesophagectomy affecting nutritional intake negatively 
is delayed gastric emptying, gastroesophageal reflux, aspiration, dumping syndrome, 
diarrhoea, appetite loss, eating difficulties and odynophagia (22, 23).  
Persisting problems 5 years after oesophagectomy that impair food intake resulting in great 
weight loss (≥15%) are eating difficulties, appetite loss, nausea and vomiting, pain, diarrhoea 
and fatigue (123). Still 10 years after oesophagectomy some patients reported severe 
problems such as reflux, eating difficulties, diarrhoea and appetite loss (124) while other 
patients reported excellent nutritional status and no problems associated to eating even 
though GI side effects were common (125). 
 NUTRITIONAL ASSESSMENT 
To be able to evaluate nutritional status and identify patients need of nutritional interventions 
it is important to measure actual body weight and receive information about nutrition history 
(10).  
Weight status also include recent weight loss, usual body weight and duration of eventual 
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weight change.  
The nutrition history is important to determine adequacy of food intake and how it has been 
affected by the tumour as well as the severity of dysphagia. Further, information of 
difficulties swallowing certain texture or type of food, odynophagia or appetite loss is needed 
for correct diet modifications and interventions.   
2.4.1 Energy expenditure 
The TEE in free-living people can be measured with double labelled water (DLW), preferred 
in research but not convenient in the clinical setting (126). The gold standard measuring 
resting energy expenditure (REE) in hospitals and in cancer patients is indirect calorimetry 
(IC) (82). For more mobile patients a physical activity level (PAL) is added to the REE for 
right amount of energy requirement, the TEE.  
An easy way to measure energy expenditure even outside hospital and for several days is by a 
mobile device, Sense Wear armband (SWA, BodyMedia, Pittsburgh, PA), which has been 
used in different settings to evaluate TEE and PAL. The use of SWA to measure energy 
expenditure has been validated in several studies in healthy subjects and have a 92% accuracy 
compared to DLW (127).  
The SWA was validated in a pilot study and they found the armband to provide accurate and 
reliable estimation of REE and TEE also in cancer patients (128) and another study 
concluded that SWA offer a suitable alternative to IC after liver resection but has a magnitude 
of error at 8.74 kcal/kg per day (129).  
Even though the SWA are still widely used as research tool (130) they are no longer available 
for purchase (131). After being acquired by another company in 2013, first the support and 
thereafter the production of SWA was discontinued (130, 131). 
2.4.2 Energy and protein requirements 
Energy requirements can easily be predicted by using rule of thumb assuming TEE to be 25-
30 kcal/kg body weight (BW) per day depending on patient´s physical activity and 
performance status (82). The rule of thumb of 30 kcal/kg BW per day is suggested in a small 
study to be suitable for estimating TEE in patients with oesophageal cancer, and is closer to 
the values estimated via IC than the Harris-Benedict formula (132).  
“ESPEN guidelines on nutrition in cancer” recommend 25-30 kcal/kg BW per day and 1-1.5 
g protein/kg BW per day (82) and after surgery the ESPEN guidelines recommend 25-30 
kcal/kg BW per day and 1.5 g protein/kg BW per day (83). These recommendations are for 
ideal body weight and needs to be adjusted for calculations regarding requirements for 
overweight and obese patients.
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3 RESEARCH AIMS 
The overall aim of the thesis was to increase the knowledge in how the disease and different 
treatment components affect nutritional status in patients with oesophageal cancer undergoing 
neoadjuvant treatment and subsequent oesophagectomy. The more specific aims addressed in 
the studies are the following: 
• To assess the effect of neoadjuvant treatment in dysphagia in oesophageal- and 
gastrooesophageal junction cancer patients (Study I). 
 
• To compare weight development between traditional open oesophagectomy and 
minimally invasive techniques (Study II). 
 
• To describe energy intake and energy expenditure before and after neoadjuvant 
therapy and after oesophagectomy (Study III). 
 
• To examine the weight and dysphagia development before nCRT (baseline) and at the 
time points of oesophageal cancer surgery in patients randomised in standard or 
prolonged time of surgery as well as if malnutrition at baseline affects the risk of 




4 MATERIALS AND METHODS 
 OVERVIEW OF THE STUDIES 
Table 1. Overview of materials and methods for studies I-IV. 
 Study I Study II Study III Study IV 
Design Prospective cohort Retrospective 
cohort 
Prospective cohort Randomised 
Controlled Trial 











SWA, food diaries, 
medical records 
from Karolinska 
University Hospital  
Dataset from 
multicentre RCT in 
Sweden, Norway, 
and Germany 
Study period 2011-2013 2004-2016 2015-2017 2015-2019 
Study time Before oncological 
treatment, after first 
chemotherapy 
cycle and before 
surgery  
Day before 
surgery, 3, 6 and 12 
months after 
surgery 
Before and after 
oncological 




treatment, 4-6 or 
10-12 weeks after 
oncological 
treatment and after 
surgery 






















35 225 20 249 
Statistical 
analysis 










Whitney U, paired 
t-test, Chi-square or 
Fisher´s exact 
NREV; National register for esophageal and gastric cancer, INCA; National Cancer register, SWA; SenseWear 
Armband, RCT; Randomised Controlled trial.  
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 STUDY I 
4.2.1 Study design 
This is a prospective single centre cohort study performed at Karolinska University Hospital 
between February 2011 and September 2013. Inclusion criteria were patients diagnosed with 
cancer in the oesophagus or gastroesophageal junction with local disease considered 
tolerating neoadjuvant treatment with subsequent oesophagectomy and with dysphagia grade 
≥1, according to Ogilvie. The patients were included by the two main authors BS and JE at 
first visit at the out-patient clinic after decision at the weekly MDT meetings. Patients who 
received neoadjuvant treatment outside Karolinska University Hospital were excluded. 
Data regarding patients were retrieved from medical records and the national register for 
oesophageal and gastric cancer (NREV). The neoadjuvant treatment started within one week 
after baseline assessment and comprised of Cisplatin and 5-Fluorouracil day 1-5 during week 
1, 4 and 7. In patients who also received radiotherapy the treatment was given in 20 fractions 
á 2 Gy started at the first day of chemotherapy cycle two. 
4.2.2 Outcomes 
The main outcomes were to compare dysphagia and appetite before neoadjuvant treatment, 
after first chemotherapy cycle and after completion of neoadjuvant treatment. We also 
assessed if relief in dysphagia was associated with histological response. We did also follow 
the weight development at the same time points. 
We evaluated the patients´ dysphagia, either by visit at outpatient clinic or by telephone, and 
two different instruments were used: Ogilvie score and Watson score.  
Ogilvie score grades dysphagia in five levels; 0=no dysphagia, 1=normal diet avoiding 
certain foods such as raw apple and steak, 2=semi-solid diet, 3=fluids only and, 4=complete 
dysphagia for even liquids (36) and is routinely used at our department to assess dysphagia.  
Watson score, 0-45 (0=no dysphagia and 45=total dysphagia), with nine different types of 
liquids and solids where “never”, “sometimes” and “always” can be chosen for ability to 
swallow each type of food (37).  
The appetite was evaluated using The Edmonton Symptom Assessment System (ESAS) VAS 
appetite score, a visual analogue scale were 0 corresponding to very good appetite, and 10 
corresponding to no appetite (133). 
Histological response was assessed in the resected specimen using Chirieac modification of 
the Mandard scoring system (134). Chirieac A is complete histological response with no 
remaining tumour, Chirieac B <10% of the tumour cells viable, Chirieac C 11-50% of the 
tumour cells viable and Chirieac D with >50% viable tumour cells.  
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4.2.3 Statistical analysis 
To examine the effect of neoadjuvant treatment on dysphagia, appetite, and weight changes at 
the three time points a general linear model, repeated measures analysis of variance 
(ANOVA) was performed. Repeated measures ANOVA was also used to examine correlation 
between improvement in dysphagia score and histological response. IBM SPSS Statistics 
(Version 22.0. Armonk, NY, USA: IBM Corp.) was used for all analyses. 
4.2.4 Ethics 
All patients did sign a written informed consent form. The study protocol was approved by 
the local ethic committee (2005/1509-31/3 and 2013/708-31/3). 
 STUDY II 
4.3.1 Study design 
This is a retrospective observational single centre cohort study performed at Karolinska 
University Hospital. Patients included in this study was one group comprised of the first 41 
consecutive patients that underwent minimally invasive oesophagectomy with a cervical 
anastomosis, McKeown procedure (MIMK), between June 2012 and December 2016. The 
second group included the first 84 consecutive patients operated with minimally invasive 
oesophagectomy with an intrathoracic anastomosis, Ivor Lewis procedure (MIIL), from July 
2014 to December 2016. These two minimally invasive surgery groups were separately 
compared to 100 consecutive patients who underwent traditional open thoraco-abdominal 
Ivor Lewis oesophagectomy (IL) from March 2004 to May 2012.  
Inclusion criteria were patients operated with oesophagectomy (IL, MIIL or MIMK) and only 
patients referred from Stockholm county due to incomplete follow up in patients from other 
regions. Patients operated with colon or jejunal interponate were excluded from the study. 
Patient related data: age at time for surgery, weight, length, neoadjuvant treatment and 
EN/PN was retrieved from medical records. Procedure related information, type and location 
of the tumour including TNM classifications, C-D scores, American Society of 
Anaesthesiologists (ASA) was retrieved from INCA (national cancer register). Patients were 
followed from the day before surgery and at 3, 6 and 12 months postoperatively. 
4.3.2 Outcomes 
The main outcome was weight development during first year after oesophagectomy 
comparing type of surgical approach i.e. MIO or open oesophagectomy. We also examined if 
and for how long the patients used EN as well as compared severe postoperative 
complications according to C-D score (66) between the surgical techniques. 
4.3.3 Statistical analysis 
Chi-Square test was used to analyse the differences between the groups and IL group was 
reference for separate comparison with each of the minimally invasive groups. For the 
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evaluation of ≥10% weight loss at 3 and 6 months postoperatively in patients with or without 
postoperative complication C-D ≥IIIb as well as need of enteral nutrition at 3 and 6 months 
postoperatively, logistic regression models were applied to calculate univariable and 
multivariable adjusted odds ratios with 95% confidence intervals (CI). Included in the 
multivariable model were prespecified variables based on clinical, relevant, known factors 
affecting oesophagectomy and weight loss and the confounders used for adjustment were sex, 
ASA score, clinical tumour stage, neoadjuvant treatment, and operation technique. Unpaired 
sample t-test were used calculating mean weight and BMI with 95% CI before and after 
oesophagectomy as well as weight change in percent with the IL group as a reference. To 
calculate p-values for weight development at all four time points during the first year after 
surgery by operation technique as well as stratified by incidence of severe postoperative 
complications or not, a generalized estimating equation (GEE) was used. The analyses were 
performed in STATA® version 13 software (StataCorp, College Station, Texas, USA). 
4.3.4 Ethics 
The study protocol was approved by the local ethic committee (2013/222-31/4 and 
20151292-31/1. 
 STUDY III 
4.4.1 Study design 
This is a prospective single centre study performed at Karolinska University Hospital from 
December 2015 to April 2017. The aim was to assess TEE using SWA Mini® as well as 
energy and protein intake in oesophageal cancer patients submitted to modern multimodality 
therapy. Patients scheduled for neoadjuvant treatment followed by oesophagectomy were 
eligible for the study. The patients were recruited at the outpatient clinic after decision at 
MDT. Twenty patients were finally included. 
4.4.2 Outcomes 
The main outcomes were TEE in relation to energy intake (EI) in patients before and after 
neoadjuvant treatment and at 3 and 6 months after oesophagectomy. Body weight was 
measured at all four occasions and we calculated protein intake.  
Measurements were performed before start of neoadjuvant treatment (baseline), after 
completion of neoadjuvant treatment (4-6 weeks before scheduled oesophagectomy) and 
finally at three and six months postoperatively.  
The patients´ TEE and PAL was measured using the mobile multi sensor device SWA Mini® 
(BodyMedia, Pittsburgh, PA). The SWA Mini collects physiological data from 4 sensors: 
accelerometer (3-axis), galvanic skin response, skin temperature and heat flux. The 3-axis 
accelerometer measures motion and steps taken, the galvanic skin response measures how 
active the person is, the skin temperature measures the body surface temperature and the heat 
flux measures the rate at which heat dissipate from the body. Patients’ characteristics: gender, 
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age, weight, height, smoking status, and handedness, were entered into a specific software 
(SenseWear® Software version 8.1) before analysis. The SWA Mini is wearable on both 
arms (according to manufacturer) and was if possible, placed on the non-dominant upper arm, 
over the triceps muscle and secured by an adjustable strap. The patients were carefully 
instructed to wear the device for three consecutive days and only remove it while showering 
or bathing.  
During the same three days the patients wore the SWA, they kept a food diary writing down 
everything they ate and drank including ONS and EN. All patients received thorough 
instructions how to register each type of food and drink consumed and to be as precise as 
possible by measuring each food with household utensils or, if possible, weigh the food. 
Patients’ food intake was calculated in the Dietitian Net Pro software, version 17.11.12 
(based on the database from the Swedish Food Agency). 
The recommended energy requirement was 30 kcal/kg BW per day and at each time point 
according to the ESPEN guidelines in both cancer and surgery (82, 83) as well as our 
department´s guidelines. According to our local guidelines the corresponding values for 
overweight patients were calculated as following: BW at BMI 25+25% of the overweight x 
30 kcal/kg BW per day. The recommended protein requirement was also according to the 
ESPEN guidelines and was before surgery 1.0-1.5 g protein/kg BW per day (82), where we 
sat the cut off to 1.0 g protein/kg BW per day, and after surgery 1.5 g protein/kg BW per day 
(83). The intake of energy and protein were considered adequate if the mean intake during the 
three days was 100% of estimated requirements. 
4.4.3 Statistical analysis 
Shapiro-Wilk test was used to verify the assumption of normal distribution of the examined 
variables, except for the variable TEE/kg BW after neoadjuvant treatment, which was 
skewed. The comparison of mean weight, BMI, energy intake, protein intake, TEE and PAL 
between different time points compared to baseline were conducted using paired sample t-test 
in all variables except TEE/kg BW after neoadjuvant treatment where Wilcoxon signed-rank 
test was performed. The comparison of median weight development, PAL, energy intake and 
TEE at different time points compared to baseline were estimated by Wilcoxon signed-rank 
test. The analyses were conducted in STATA, version 14.1 and 16.0 software (StataCorp, 
College Station, Texas, USA). 
4.4.4 Ethics 
The study protocol was approved by the local ethic committee (2015/435-31/2 and 
2015/2005-32) and the patients signed a written informed consent. 
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 STUDY IV 
4.5.1 Study design 
This is part of the RCT NeoRes II, comparing patients to either standard (4-6 weeks) or 
prolonged (10-12 weeks) waiting time to oesophagectomy after completed nCRT. Patients 
diagnosed with oesophageal or junctional type I or II cancers were enrolled in the study from 
May 2015 to April 2019. 
4.5.2 Outcomes 
Main outcomes were to evaluate weight and dysphagia development before nCRT (baseline) 
and at the time points of standard and prolonged delay of surgery, as well as if malnutrition 
according to the GLIM criteria at baseline affects the risk of postoperative complications 
comparing the two groups (79). Cut off for malnutrition was weight loss >5% within the past 
6 months or low BMI (<20 if <70 years or <22 if ≥70 years) together with C-reactive protein 
(CRP) >5 mg/L or dysphagia grade 2 according to Ogilvie. We compared postoperative 
complications between the groups using the C-D score (66). 
4.5.3 Statistical analysis 
Shapiro-Wilk test was used to examine normal distribution of the variables. Wilcoxon 
signed-rank test was applied for comparison of weight and dysphagia between baseline and 
surgery within each group. For comparison of differences in weight between the groups from 
baseline to surgery Mann-Whitney U test was used. For analyses of changes in weight for 
patients malnourished or not at baseline, from baseline to time of standard or prolonged delay 
of surgery within each group, paired t-test was used for variables with normal distribution and 
for skewed data Wilcoxon signed-rank test was used. For comparison between standard or 
prolonged time to surgery regarding postoperative complications in patients malnourished or 
not at baseline Chi-Square test or Fisher´s exact test was used. Univariable logistic regression 
model was performed for analyses of postoperative complications in patients malnourished at 
baseline between the two groups. The statistical analyses were performed using STATA® 
version 16.0 software (StataCorp, College Station, Texas, USA).  
4.5.4 Ethics  
The NeoRes II trial was registered in Clinicaltrials.gov NCT02415101 and approved by the 
Research Ethics Committees in Sweden (Regionala etikprövningsnämnden i Stockholm, 
approval numbers: 2014/748-31, 2015/1271-32, 2016/626-32), in Norway (REK Sør-Øst 
2014/1938), and the Institutional Review Board of the University of Cologne in Cologne, 
Germany (IRB approval number: 17-012). All participants signed written informed consent.
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5 ETHICAL CONSIDERATIONS 
All studies in this thesis were approved by the local ethic committee in Stockholm, as 
previously mentioned. Study IV was also approved by Research Ethics Committees in 
Sweden and ethical committees in Norway and Germany. Study IV was registered in 
Clinicaltrials.gov. All participants in study I, III and IV signed written informed consent.  
The studies were performed in accordance with the Declaration of Helsinki. 
As in most research the participants in the present studies did not benefit from them, but to 
my opinion the patients found it meaningful to contribute to new knowledge.  
In study I-III the patients after consultation were asked to participate by a colleague or me 
and were carefully informed that participation was voluntary, and we emphasised their right 
to discontinue at any time without explanation.  
To avoid extra visits to the hospital, we arranged to meet the patients at the same time with 
their doctor’s appointment at the outpatient clinic or when appropriate some of the follow-ups 
were performed by telephone.  
All data were encoded, and all analyses were performed on a group level with exception for 
the supplementary tables in study III where we showed individual energy and protein intake 





 STUDY I 
Of 43 eligible patients 35 were included and assessed before start of neoadjuvant treatment 
and after first cycle of chemotherapy. The first 15 patients included were patients 
participating in a RCT and randomized to nCT or nCRT.  
Due to severe side effects three patients were not able to complete the treatment and of the 
remaining 32 patients 8 patients received chemotherapy and 24 chemoradiotherapy before 
oesophagectomy.  
There was significant improvement in mean dysphagia scores after first cycle of 
chemotherapy seen in both Ogilvie score and Watson score, 1.89 to 1.07 (p<0.001) and 27.0 
to 16.5, respectively (p<0.001), Table 2. The dysphagia at baseline allowed a majority of the 
patients to only consume fluids and remaining patients were able to swallow semi-solid food. 
The improvement in dysphagia after the first cycle of chemotherapy corresponded to the 
ability to eat more solid foods as vegetables, potatoes, fish, bread, and pasta and as many as 
40% could swallow meat.  
Further statistically significant (p<0.001) improvement in dysphagia was seen after 
completion of treatment in both groups and in both Ogilvie score and Watson score, 0.63 and 
9.41, respectively. After completion of treatment 60% were able to swallow meat.  
There were 13 patients (37%) requiring support of enteral or parenteral nutrition mostly 
during a limited period of time. 
The same improvement was seen regarding appetite score, which significantly improved for 
all patients from 3.83 at baseline to 2.60 after first cycle of chemotherapy (p=0.03).  
All patients’ mean weight remained stable during the entire treatment period, 77.3 kg to 76.8 
kg (p=0.94), Table 2.  
There was no association between the presence of histological response or degree of response 



































































































































































*p-value for difference between baseline and cycle one. **p-value for difference after cycle one and after 
completed neoadjuvant therapy. ***p-value for whole treatment period from baseline to after completed 
neoadjuvant therapy. Repeated measurement analysis of variance was used for significance testing.  




Figure 1. Correlation between dysphagia development (Watson, Ogilvie) before (1), during (2) and 




 STUDY II 
Two hundred and twenty-five patients were included in the study. There were more patients 
in the two minimally invasive surgery groups that had undergone neoadjuvant treatment 
compared to IL group (MIIL: 76.2%, MIMK: 70.7% and IL: 57.0%).  
Almost all patients operated with minimally invasive approach received a feeding 
jejunostomy during surgery while the corresponding number was 75% in the IL group.  
No significant differences regarding severe postoperative complications (C-D IIIb-V) were 
seen between the groups.  
The weight loss was similar, with a trend towards less weight loss after MIO, for the three 
groups included and the mean weight loss during the first year was 13.1% (±4.1), 11.2% 
(±6.1) and 9.6% (±7.5) in IL, MIIL and MIMK group, respectively (p=0.85 and p=0.95, 
respectively), Table 3. On the other hand, significantly less weight loss was recorded after 
MIIL compared to IL when calculated with GEE at the four measuring points, Figure 2. 
There was no difference in weight loss of at least 10% of the preoperative weight at 3 and 6 
months after surgery for MIIL and MIMK patients compared to IL group, Table 4.  
Patients operated with MIIL had a lower, but not significant, risk of losing ≥10% of their 
preoperative weight 3 months after surgery in circumstances of severe postoperative 
complications (C-D ≥ IIIb) compared to IL group, but this difference was not seen at six 
months postoperatively, Table 4.  
The median period of time using EN varied considerably within the groups with 23.5 days 
(range 0-2033 days) in IL group, 54.5 days (range 0-338 days, p<0.001) in MIIL group and 
57.0 days (range 0-538 days, p=0.022) in MIMK group. More patients in MIMK group 
needed EN for a longer period of time compared to IL (OR 1.90, 95% CI 0.60-6.07, 6 months 




Table 3. Weight and BMId before and after oesophagectomy stratified by surgical technique, per cent weight loss at each time point compared to baseline and weight 
loss at 3 months after surgery in patients with Clavien-Dindo score ≥IIIb. 
Mean (SD) ILa MIILb Difference (95% CI) MIMKc Difference (95% CI) 
Preoperative, n 





25.5 (4.3)  
84 











3 months after surgery, n 
Body weight, kg 
BMId, kg/m2 






















6 months after surgery, n 
Body weight, kg 
BMId, kg/m2 




22. 7 (3.4) 

















12 months after surgery, n 
Body weight, kg 
BMId, kg/m2 






















Mean weight loss at 3 months  
after surgery for C-D ≥ IIIb, n 
Body weight, kg 








6.6 ± 4.1 
 
 
-3.1 (-5.6- -0.7) 













Figure 2. Weight development during first year after  
oesophagectomy, p-value IL versus MIIL: 0.045 and 
p-value IL versus MIMK: 0.176. 
 
Table 4. Univariable and multivariable regression models of weight loss at 3 and 6 months 
postoperatively and use of enteral nutrition at 3 and 6 months postoperatively stratified by surgical 
technique.  
  ILa      MIILb MIMKc 
≥10% weight loss                 Odds ratio (95% CI) 
Univariable model ≥10% weight loss 3 months postop  1.0 0.80 (0.44-1.45) 0.67 (0.31-1.44) 








Univariable model ≥10 % weight loss 6 months postop 1.0 0.92 (0.52-1.65) 0.72 (0.35-1.50) 






1. 03 (0.56-1.91) 
 
0.79 (0.37-1.68) 
Patients with Clavien Dindo score ≥IIIb                  Odds ratio (95% CI) 
Univariable model ≥10 % weight loss 3 months postop 1.0 0.23 (0.06-0.97) 0.41 (0.11-1.58) 








Univariable model ≥10 % weight loss 6 months postop 1.0 0.86 (0.24-3-06) 1.07 (0.27-4.22) 









Use of enteral nutrition                  Odds ratio (95% CI) 
Univariable model enteral nutrition 3 months postop 1.0 0.99 (0.48-2.01) 1.81 (0.80-4.11) 
Multivariable model enteral nutrition 3 months postop* 1.0 0.97 (0.46-2.06) 1.74 (0.74-4.11) 
Univariable model enteral nutrition 6 months postop 1.0 0.98 (0.36-2.70) 2.05 (0.67-6.25) 
Multivariable model enteral nutrition 6 months postop* 1.0 0.81 (0.28-2.37) 1.90 (0.60-6.07) 
a Open Ivor Lewis, b Minimal Invasive Ivor Lewis, c Minimal Invasive McKeown. 
*Adjusted for sex, ASA score, clinical tumour stage, neoadjuvant treatment, and operation technique. 
 
 STUDY III 
From November 2015 to April 2017, we enrolled 20 patients submitted for neoadjuvant 
treatment and subsequent oesophagectomy to the study of whom 12 fulfilled the study 
protocol, Figure 3. 
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- 20 not informed about the 
  study 
- 10 did not speak Swedish 
- 4 decline to participate 
 
 
Eligible for inclusion 








The patients wore the SWA on an average of 98.6%, 97.6%, 99.1% and 97.8% of the 
scheduled time points, respectively. However, six patients wore the SWA for just 2 days on 
one occasion each, and one of these patients carried the SWA for only 1 day at another 
occasion. 
Nineteen patients received nCRT while one patient received nCT. All patients who 
underwent oesophagectomy had a minimally invasive approach of whom 17 patients (85%) 
had an intrathoracic anastomosis (Ivor Lewis) and two patients (10%) had a cervical 
anastomosis (McKeown). One patient was not resected due to metastatic disease discovered 
during surgery and received an oesophageal stent followed by palliative treatment. Two 
operations were converted to open surgery for technical reasons. One patient underwent 
adjuvant chemotherapy due to initial uncertainty about tumour location and type. Seven 
patients had severe postoperative complications classified as C-D ≥ IIIb.  
Mean body weight decreased significantly during the preoperative period (p=0.005 and 
p=0.007, from 6 months before baseline to baseline and after neoadjuvant treatment, 
respectively) (Figure 4). The greatest weight loss, mean 5.6 kg, was seen at 3 months 
postoperative (p≤0.001), Table 5. 
 
Figure 4. Median body weight expressed in kg at 6 months 
before baseline (p=0.005), at baseline, after completion of  
neoadjuvant treatment (p=0.010) and at 3 (p=0.002) and  
6 (p=0.006) months after oesophagectomy, respectively.  
p-values are in comparison to baseline and estimated by Wilcoxon 
signed-rank test. 
Patients mean PAL at baseline was 1.4 corresponding to “seated work with no option of 
moving around, and with some leisure activity” (135). This figure remained the same after 
neoadjuvant treatment and declined, compared to baseline, after surgery to 1.3 (same 
corresponding activity as 1.4) at both 3 and 6 months postoperatively, Table 5. 
The mean EI was 2033 kcal (1730-2336 kcal) per day at baseline, this increased to 2236 kcal 















6 months before baseline Baseline
After neoadjuvant treatment 3 months after surgery
6 months after surgery
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after surgery to 1759 kcal (1559-2059 kcal), p=0.155, and increased again at 6 months 
postoperatively. Table 5, Figure 5.  
The mean TEE at baseline was 2259 kcal (2077-2440 kcal) per day and did almost stay the 
same after completion of neoadjuvant treatment, 2124 kcal (1943-2305 kcal), where after a 
significant decrease at 3 months after oesophagectomy was seen, 1929 kcal (1754-2105 kcal), 
p=0.004. The TEE was still at a significant lower level at 6 months after surgery compared to 
baseline, Table 5, Figure 6.  
The mean protein intake followed the same curve as the EI with increased intake after 
neoadjuvant treatment compared to baseline (p=0.037), decreased at 3 months after surgery 
(p=0.177) and thereafter increased at 6 months after oesophagectomy (p=113), Table 5. 
Only 30.0% (6/20) of the patients reached the recommended requirements of EI/kg BW per 
day (adjusted for overweight) at baseline, according to ESPEN guidelines on nutrition in 
cancer (82) and the guidelines of our department, which increased to 52.9% after neoadjuvant 
treatment. At 3 months after surgery this figure was 30.8% and at 6 months 54.5%, according 
to ESPEN guideline: Clinical nutrition in surgery (83).  
Almost the same curve was seen in protein intake/kg BW per day (adjusted for overweight), 
with 65.0% of the patients at baseline and 88.2% after neoadjuvant treatment meeting the 
lower level of requirements. After oesophagectomy only one patient (7.7%) reached the 
protein requirement at 3 months after surgery and 18.2% (2/11) at 6 months. 
Worth noticing is that mean EI and mean protein intake increased and decreased at the same 
time points but at 6 months after surgery EI was at similar levels as baseline while protein 
intake was at a non-significant lower level, Table 5. 
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Table 5. Mean weight, BMI, energy intake, protein intake, Total Energy Expenditure (TEE) and Physical Activity Level (PAL) in oesophageal cancer 
patients at the different time points during the courses of treatment. 
 6 months 
before baseline† 
(n=20) 





(BW, BMI n=20) 
(SWA, EI n=17) 
p-value  3 months 
postoperative 
(n=13) 




Weight (kg) 79.0 (72.8-85.1) 0.005 76.0 (70.1-82.0)  73.2 (67.9-78.5) 0.007 67.6 (62.1-73.1) <0.001 68.2 (63.2-73.2) 0.002 
BMIa (kg/m2) 25.7 (24.3-27.1) 0.008 24.7 (23.4-26.1)  23.9 (22.6-25.1) 0.010 22.2 (20.9-23.6) <0.001 22.3 (21.2-23.4) 0.002 
Energy intake (kcal)   2033 (1730–2336)  2236 (2012-2461) 0.012 1759 (1459-2059) 0.155 2106 (1536-2675) 0.884 
Energy intake/kg 
BWb (kcal)* 
  27.5 (23.8-31.1)  32.3 (28.4-36.1) 0.008 26.4 (21.6-31.2) 0.650 30.8 (22.6-39.1) 0.548 
Protein intake (g)   83 (74-91)   88 (80-97) 0.037 70 (60-80) 0.177 73 (55-92) 0.113 
Protein intake/kg 
BWb (g)* 
  1.1 (1.0-1.3)  1.3 (1.1-1.4) 0.047 1.1 (0.9-1.2) 0.549 1.1 (0.8-1.4) 0.370 
TEEc (kcal)   2259 (2077-2440)  2124 (1943-2305) 0.468 1929 (1754-2105) 0.004 1996 (1819-2173) 0.028 
TEEc/kg BW (kcal)   29.9 (28.1-31.8)  29.7 (27.2-32.2) 0.653 28.6 (26.6-30.7) 0.394 29.5 (26.7-32.2) 1.000 
PALd   1.4 (1.3-1.5)  1.4 (1.3-1.5) 0.889 1.3 (1.2-1.4) 0.065 1.3 (1.2-1.4) 0.121 
Mean energy intake compared to mean energy expenditure, kcal (CIe) 
Energy Intake vs. 
TEEc (kcal) 
  -226 (-456 – 4) 0.178 112 (-123 – 348)  0.652 -171 (-431 – 89) 0.054 90 (-343 – 523) 0.327 
All values are expressed as mean with 95% CIe. p-values are in comparison to baseline. Bold signifies p<0.05.  




Figure 5. Median energy intake expressed in kcal at baseline,  
after completion of neoadjuvant treatment (p=0.009) and 
at 3 (p=0.101) and 6 (p=1.000) months after oesophagectomy,  
respectively. P-values are in comparison to baseline and estimated 
by Wilcoxon signed-rank test. 
 
 
Figure 6. Median total energy expenditure (TEE) expressed in kcal 
at baseline, after completion of neoadjuvant therapy (p=0.246) and 
at 3 (p=0.005) and 6 (p=0.031) months after oesophagectomy,  
respectively. P-values are in comparison to baseline and estimated 
by Wilcoxon signed-rank test.
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 STUDY IV 
There were 249 patients included in the trial where 125 were randomized to standard 
treatment and 124 to prolonged delay to surgery. Mean weight loss before diagnosis was 
similar between the groups with 6.0% (0-28.1%) in standard arm and 5.2% (0-29.9%) in the 
prolonged delay arm. From baseline to surgery the mean weight loss in the standard arm was 
2.66 kg and in the prolonged delay arm 0.65 kg (p<0.001). The patients in the prolonged 
waiting time to surgery group increased their weight significantly, 1.91 kg (p<00.1), during 
the extended time to surgery and had returned to approximately the same weight as baseline 
(p=0.131), Figure 7. The same weight development was seen within the malnourished and 
non-malnourished subgroups. The mean dysphagia score improved significantly from 
baseline to surgery in both trial arms (p-values<0.001) where a further, but not significant 
(p=0.223), improvement during the prolonged waiting time to surgery was noted, Figure 8. 
 
Figure 7. Median weight development in kg baseline to time for surgery.  
Standard time to surgery group, p-value <0.001. Prolonged time to 
surgery group, p-value=0.131. 
 
 
Figure 8. Median dysphagia development according to Ogilvie score 
baseline to surgery. Standard time to surgery group, p-value <0.001.  
Prolonged time to surgery group, p-value <0.001. 
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There were no significant differences between the two groups regarding postoperative 
complications when divided in malnourished or not malnourished patients at baseline 
according to GLIM criteria (p=0.340 for C-D II-V and p=0.760 for C-D IIIb-V), see Table 6. 
Focusing only on patients malnourished at baseline in each group, we did not see any 
differences regarding overall nor severe postoperative complications (odds ratio 0.90, 95% 
CI: 0.29-2.77 and odds ratio 1.13, 95% CI: 0.32-4.00), Table 7. 
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Table 6. Complications after surgery in patients malnourished or not malnourished at baseline according to GLIM criteria, comparison between standard 
time to surgery and prolonged time to surgery. 
N (%) Standard time to surgery 4-6 weeks Prolonged time to surgery 10-12 weeks p-value 
Malnourished Not malnourished Malnourished Not malnourished  
All patients 28 (100.0) 88 (100.0) 22 (100.0) 83 (100.0) 0.572 
Clavien Dindo II-V 16 (57.1) 58 (65.9) 12 (54.5) 65 (78.3) 0.340 
Clavien Dindo IIIb-V 7 (25.0) 30 (34.1) 6 (27.3) 31 (37.3) 0.760 
Anastomotic leak 4 (14.3) 17 (19.3) 4 (18.2) 18 (21.7) 1.000 
Pneumonia 8 (28.6) 26 (29.5) 7 (31.8) 20 (24.1) 0.829 
 
 
Table 7. Univariable logistic regression model for postoperative complications in patients with malnutrition according to GLIM at baseline. 
Odds Ratio 
(95% confidence interval) 
Clavien Dindo II-V p-value Clavien Dindo IIIb-V p-value 
Standard time to surgery 1.0  1.0  




7 DISCUSSION  
 RESULTS DISCUSSION 
7.1.1 Study I 
In this prospective cohort pilot study, we found that neoadjuvant treatment with platin-5FU-
based chemotherapy, with or without the addition of radiation, significantly reduced 
dysphagia in patients with oesophageal and gastroesophageal junction cancer. This effect was 
statistically significant already after the first cycle of chemotherapy. Appetite did also 
improve significantly during the neoadjuvant treatment. There was no association between 
relief of dysphagia and histological response. 
In a previous study improvement in dysphagia was seen after two cycles of chemotherapy, 
with no association between improvements of dysphagia and histological response (12) and 
in another study improved or stable dysphagia after completed nCT was reported, but not 
after nCRT (136). In a more recent study, dysphagia improved after first cycle of 
chemotherapy with maintenance of weight (45), as seen in our study.  
Esophagitis due to radiotherapy develops in up to 28% of patients aggravating swallowing 
difficulties (8). However, in our study no patients receiving radiation did report swallowing 
discomfort or worsen appetite and there was no difference between patients receiving nCRT 
or nCT.  
In the present study 37% needed EN or PN, for different reasons and mainly for a limited 
period, highlighting individualised and close nutritional support, also supported in another 
study (45).  
The proportion of patients with histological response, 23% with partial and 23% with 
complete response, was in line with other studies (8, 137, 138). Surprisingly, there was no 
difference in improvement of dysphagia between patients with clear histological response and 
patients with no or very little histological response. The improved dysphagia seems to be 
explained by reduced tumour volume and not to histological response. 
The result from this study has increased the knowledge in managing dysphagia from time of 
diagnosis, during neoadjuvant treatment and until surgery. Previous studies have suggested 
that neoadjuvant treatment may have a significant negative impact on the nutritional status of 
patients with oesophageal cancer compared to those undergoing surgery alone (5, 139, 140) 
but this was not supported by our findings. 
The main limitation of this study is the small number of patients as well as that the data were 
collected at only one centre thus increasing the risk of selection bias. This study may 
introduce type II error however, the findings were so clear that this is unlikely to completely 
explain our finding. The strength of the study is the prospective collection of data reducing 
the risk of information bias. 
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7.1.2 Study II 
The implementation of minimally invasive techniques aims to minimize the surgical trauma, 
and different benefits as mentioned before have been shown (6, 14), but data regarding the 
impact of MIO on weight development are scarce.  
In this retrospective study comparing weight development from baseline up to one year post 
surgery after different surgical techniques there was no significant difference between the 
traditional open Ivor Lewis oesophagectomy (IL) compared to MIIL or MIMK. However, 
there was a trend towards less weight loss after MIO, with 11.2% and 9.6% weight loss at 12 
months for MIIL and MIMK respectively, compared to 13.1% for IL. In patients suffering 
from severe complications (C-D score ≥ IIIb) after MIIL, there was a non-significant trend 
towards a lower risk of ≥10% weight loss 3 months postoperatively compared to IL.    
We noticed the most distinct weight loss during the first three month after surgery regardless 
approach. Most studies have a follow-up regarding weight at six months postoperatively and 
several studies report 5-12% weight loss during that time (19-22).  
Interestingly, in our cohort, we found that patients who had undergone MIMK slightly 
increased their weight 6 to 12 months after surgery while patients after IL and MIIL 
continued to lose weight but to a less extent. During surgery patients operated with 
McKeown procedure retain more of the gastric fundus, where majority of the cells producing 
ghrelin are present, compared to the Ivor Lewis approach (113), which might be decisive for 
the patients appetite. 
There were more patients in the MIO groups receiving feeding jejunostomy (98.8% and 
97.6% in the MIIL and MIMK, respectively) compared to IL (75.0%) owing to change in 
treatment tradition over the years. To address the possible bias of this discrepancy on weight 
loss, we performed a separate analysis only including patients with a jejunostomy, but the 
results remained the same.  
 
Patients receiving supportive EN at home after oesophagectomy still lose weight but to a 
lesser extent and may have an improved quality of life (105-107). The positive effect of 
extended support of EN was shown in patients malnourished before MIO receiving EN (500-
1000 kcal/day) for 3 months after discharge which reduced the risk of malnutrition and 
improved their quality of life (106).  
Patients after MIMK were supported by EN for a longer time compared to the other two 
groups, median 57.0 days (0-538 days, p=0.022 compared to IL), which may be explained by 
the higher incident of anastomotic leakage in these patients resulting in strictures and 
dysphagia. The McKeown procedure is also associated with increased vocal cord paralysis, 
which might lead to risk for aspiration due to difficulties swallowing. These two 
complications may require diet modifications and longer need of EN explaining the longer 
need of EN for patients after MIMK. van Workum et al. reported better function after 
intrathoracic anastomosis compared to cervical anastomosis with less dysphagia, anastomotic 
strictures and recurrent laryngeal nerve palsy (68). 
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This study is a retrospective single centre study with all the associated limitations. The 
inherent risk of confounding due to differences in baseline characteristics between the three 
groups was addressed by adjustment using multivariable regression models. Another 
limitation is the fact that the different surgical techniques of oesophagectomy are unevenly 
distributed over the years during the study period which contributes with an inherent risk of 
residual confounding by possible and successive improvements in perioperative care as well 
as increasing caseload due to centralisation over the recent years. 
7.1.3 Study III 
In this prospective cohort study following patients before neoadjuvant treatment to six 
months after oesophagectomy we found weight to steadily decrease during preoperative 
phase and the first 3 months after surgery due to negative energy balance. This confirms 
previously described negative energy balance in these patients (5, 33).  
Early routine counselling and proper nutritional support have a positive impact on patient’s 
nutritional status and reduce the risk of invasive management of malnutrition (10, 33).  
A group of patients receiving intensive nutritional support delivered by a dietitian increased 
their weight from their first visit to outpatient clinic until oesophagectomy compared to a 
control group (84). All patients in the intervention group received nutritional counselling by a 
specialised dietitian at first visit and control group did only receive preoperative dietary 
counselling when initiated by a doctor. Patients in the intervention group were contacted 
every 1-2 weeks during the treatment trajectory by either the surgical dietitian or the 
oncology dietitian. 
In our study, according to international guidelines, all patients were offered counselling by a 
specialist dietitian throughout the pre and postoperative phases, which might contribute to the 
improvement of energy intake during the neoadjuvant treatment period. The improved energy 
intake is most certain combined with the positive effect of chemotherapy on patients´ 
dysphagia (141). The TEE was unchanged before and after neoadjuvant treatment but with a 
persistent weight loss emphasizing the need of nutritional support during this phase.  
Our data showed fewer patients reaching the requirements in EI at baseline and at 3 months 
after surgery compared to after neoadjuvant treatment and at 6 months post oesophagectomy.  
Regarding the protein intake more patients met the requirements before compared to after 
oesophagectomy. However, the requirements were set to a lower level (i.e. 1.0 g protein/kg 
BW per day) before surgery while after surgery the requirement was 1.5 g protein/kg BW per 
day which can partly explain our findings.   
There are few studies reporting nutritional intake before and after oesophagectomy. Ludwig 
et al. reported 78% (25/32) of the patients approximately 3 years after oesophagectomy to 
reach recommended EI based on ideal body weight (21), which probably is translated to 
100% of estimated requirements. 
In a previous study, they reported 77% (54/70) to reach the energy requirements and 91% 
(64/70) reached the requirements for protein six months after oesophagectomy (119). Another 
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study with patients after both oesophagectomy and total gastrectomy reported sufficiently 
energy and protein intake at three months after surgery in 61% (23/38) and 55% (21/38) of 
the patients, respectively, and at six months postoperatively the corresponding numbers were 
94% (32/35) and 77% (27/35), respectively (108). In these studies, they used a mean intake 
>90% of estimated requirements as adequate, according to risk of error in self-reporting.  
In a study by Ryan et al. a median intake >75% of estimated energy and protein requirements 
was considered as adequate (104).  
In our study we used 100% of requirement as adequate but in retrospect it might have been 
more accurate to use both 75% and 90% as margins given the possible underreporting, 
insecurity in reporting, and the limitations of correct evaluation of the food diaries. 
Food intake can be measured by a 24 h recall where patients start with the last meal and recall 
24 h back or measured by food record where the patients write down everything they eat and 
drink for usually 3 consecutive days, preferably 2 weekdays and 1 day during the weekend 
(142). In food record the food is weighed or estimated by using household utensils, where the 
weighing method often is regarded the golden standard. The 3 day food record seem to be 
more accurate regarding actually energy intake compared to a longer period of 5 or 7 days 
(143).  
In the present study there was no requirement whether the patients should report weekdays or 
days during the weekend. On the other hand, it was important to start reporting the next day 
after receiving the SWA and food diary in order to decrease potential information bias. 
The reliability in reported nutritional intake in food diary is often limited by misreporting 
(144). Based on previous studies it has to be taken into account that an underestimation of EI 
is reported to be 10-20% regardless gender while overestimation is a rare problem (144). The 
same confounders are most probably apparent in our study.  
TEE decreased significantly at three months after oesophagectomy and a decrease was 
recorded for EI, despite supplementation of EN, which might be explained by increased 
response of postprandial satiety gut hormones; glucagon-like peptide 1 (GLP-1) and peptide 
YY (PYY), present in patients after oesophagectomy (117, 145).  
The results of this study highlight the need of close follow up to secure compliance of 
extended EN and increased food intake. As already mentioned, some recent studies focusing 
on extended home EN indicated that patients continued to lose weight but to a lesser extent 
leading to improved quality of life (105-107). 
Different mechanisms cause weight loss after oesophagectomy and regular follow up with 
evaluation of symptoms affecting dietary intake is important for prompt food modifications, 
adjustment of EN and interventions to avoid weight loss. Common causes of weight loss after 
oesophagectomy are delayed gastric conduit emptying, dysphagia and dumping syndrome 
(23, 146) where dietary modifications can relieve some of the symptoms. Further factors 
impairing food intake are eating difficulties, early satiety, inhibited passage due to high 
viscosity, reflux and absence of hunger (22, 23).  
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The impaired function in the gastric conduit affects food intake thus making it difficult to 
reach required amount of energy and protein intake. Ludwig et al. found dysphagia to certain 
foods, mostly bread and steak, in 52% (25 of 48) of the patients 6 months after 
oesophagectomy and after 1 year 38% (18 of 48) of the patients reported periodic dysphagia 
to certain foods if they forgot to chew thoroughly (21). 
The main limitation of this study was the difficulties recruiting a larger number of patients, 
partly due to limited presence of a dedicated dietitian at the outpatient clinic when needed and 
partly due to limited SWA devices. Unfortunately, this affected the inclusion of otherwise 
eligible patients.  
7.1.4 Study IV 
In this study patients in the group with prolonged time to surgery after completed 
neoadjuvant treatment had a significantly better weight development compared to the group 
with standard time to surgery. There was no difference regarding the effect of malnutrition at 
baseline on the incidence of postoperative complications between standard and prolonged 
waiting time to oesophagectomy.  
Nutritional intake is often affected due to tumour location in this group of patients and 
oncological treatment may further affect their nutritional status negatively. The symptoms 
affecting nutritional intake arising from nCRT usually take a few weeks to wear off. The 
interval time between nCRT and surgery offers patients the opportunity to improve their 
nutritional status before oesophagectomy (147) and with prolonged time to surgery patients 
have extended time to recover. As seen in the present study, patients waiting longer for 
surgery gained weight during the prolonged time. The result is in line with another study 
where weight improved 12 weeks after completion of nCRT (148).  
The improvement of dysphagia during nCRT has been demonstrated in previous studies (141, 
149) and is in line with the present study where dysphagia further improved, non-
significantly, during the prolonged time to surgery.  
Malnutrition is a risk factor for postoperative complications, especially after upper GI surgery 
(83). To improve clinical outcomes throughout the treatment of patients with oesophageal 
cancer, identification and treatment of weight loss and malnutrition are important (10). 
Preoperative malnutrition according to GLIM criteria was investigated among patients 
undergoing GI surgery and they found malnutrition to be common and associated with 
increased risk of severe complications after surgery (150). Conversely, another study did not 
find any correlation between preoperative weight loss of 10% or more and postoperative 
complications (151).  
Regular follow up of body weight and screening for nutritional problems during the treatment 
phases are valuable though it changes over time (152) requiring close observations and 
support of a dietitian with different strategies according to severity of malnutrition (33). 
Malnutrition being a risk factor for bad compliance to nCRT is well known and prompt 
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nutritional intervention including diet modifications and ONS is important to preserve or 
restore nutritional status (10) and intensive nutritional support by a dietitian is correlated with 
preoperative weight maintenance and a decrease in severe complications after 
oesophagectomy (84).  
The main strength in this study is the randomised multicentre design with complete follow 
up. A limitation is that patients with considerable weight loss and problems with dysphagia 
hypothetically might not want to participate in the study in case they are randomised to 
prolonged time to surgery. Another limitation is that the originally trial was designed based 
on another primary outcome namely, to compare complete pathological response between the 
arms. 
 METHODOLOGICAL DISCUSSION 
Studies can be either experimental or observational and in this thesis they all are 
observational, even though study IV is a sub study with data from an experimental trial.  
The two main types of observational studies are cohort and case-control studies. All studies in 
this thesis are cohort studies, with all patients having oesophageal cancer and are followed 
during neoadjuvant treatment (I), after oesophagectomy (II) or before and after the 
neoadjuvant treatment as well as after oesophagectomy (III and IV).  
7.2.1 Validity  
In research it is vital to obtain accuracy in estimation of the results and the two components 
of accuracy is validity and precision. Errors in estimation that may affect the results can be 
random or systematic, the latter are commonly referred to as bias.  
Bias is the opposite to validity and, estimates with little systemic errors can be described as 
valid. Random error is the opposite to precision and, estimates with little random errors can 
be described as precise. The more people included in a study the less errors in case of random 
error. If systematic error the error remains irrespective of inclusion of more people.  
Biases can be classified into three broad categories namely selection bias, information bias 
and confounding (153). The errors may result in an under or overestimation of the results and 
affect the internal validity. 
7.2.1.1 Selection bias 
Selection bias can arise when individuals are differently likely to be included in a study.  
In study I, initially only patients included in an ongoing RCT were asked to participate, but 
eventually during the course of the study period all patients fulfilling the criteria were eligible 
for inclusion. In study II, with a retrospective design, all patients living within the region 
were included in the analysis. Consequently, the risk for selection bias in these two studies is 
reduced.  
In study III, patients who were more affected by the disease might have been less keen to 
participate. Moreover, the study was affected by limited availability of a dedicated dietitian in 
periods with heavy workload as well as limited number of devices available for use. All these 
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above-mentioned factors have limited our inclusion possibilities, adding an obvious risk for 
selection bias, which may impact our results. Furthermore, of 20 patients included only 12 
patients managed to complete the study. 
In study IV, as part of an RCT, the risk of selection bias was reduced since all eligible 
patients were asked to participate in the trial. 
7.2.1.2 Information bias 
Information bias can arise when the information collected about or from study participants is 
incorrect; information bias is also called misclassification. This can occur for example when 
typing height in a box instead of weight or miss to put a full stop when typing figures. Recall 
bias is a common information bias and people have different ability remembering.  
In studies I-III data were collected from medical records where information can have been 
incorrectly registered. Additionally, in study II and III data were retrieved from a register 
with the aforementioned risks.  
In study III and IV patients` weight at six months before diagnosis was self-reported with an 
obvious risk of information bias. However, this bias is probably evenly distributed in the 
groups in study IV due to the randomised design. Moreover, self-reported body weight has 
previously been showed to have a good validity (22). 
In study III, the weight was measured at the outpatient clinic at two occasions before surgery 
while the measurements after surgery were mostly performed at home. Patients were 
instructed to measure their weight in light in-door clothes, but this obviously could not be 
controlled. Even at the outpatients’ clinic patients were weighed at different times during the 
day at the different time points depending on their doctor appointment.  
Thus, the validity in weight development can be therefore hampered in all the studies.  
In study III we used SWA to measure TEE and even if the SWA underestimates the TEE 
(126, 154) it is possible to see differences over time in patients to detect increased or 
decreased requirement during treatment.  
SWA has mainly been validated on healthy people and not in patients with cancer, but 
“ESPEN guidelines on nutrition in cancer patients” concluded that while the REE might be 
higher in patients with cancer, TEE appears to be similar to healthy controls though the 
former are less physically active (82).  
The registration of food and drinks consumed in the food diary is difficult to control and 
some of the patients weighed their food while others measured the food using household 
utensils or reported amount. A low rate of the patients reached the energy and protein 
recommendations, which raises the question if it was because of underreporting or if the 
actual intake was low. In a review it was found 11.9-44% being under reporters in studies 
using estimated food records and 14.3-38.5% being under reporters in studies using weighed 
food records (144). On average the underestimation of EI was 10.4-20.2%. 
It can be hypothesised that the same patients misreported in the same way at all the occasions 




To be a confounder the variable need to be associated with both the exposure and the 
outcome. Confounding can be dealt with using one of two methods in the data analysis, 
stratification or regression models (153). When controlling for confounding as in regression 
models associations that were made may disappear leaving a true result. 
Residual confounding in an analysis is the remaining error after adjustments have been made. 
In study II we used the known confounders gender, ASA score, clinical tumour stage, 
neoadjuvant treatment, and operation technique in our regression analyses in order to reduce 
the risk of confounding. In study IV, the risk of confounding is reduced due to the 
randomised design.  
7.2.1.4 Random errors 
Random errors can either be type I or type II error. Type I error is when a null hypothesis is 
rejected, even though it is accurate and should not be rejected. Type II occurs when one 
accepts a null hypothesis that is actually false. These errors often occur due to small sample 
sizes. 
In study I, due to small sample size, a type II error was considered regarding no or little 
histological response but significant relief of dysphagia. 
7.2.1.5 Generalisability 
Generalisability or external validity is the validity of applying the conclusions of a scientific 
study outside the context of that study.  
Studies I-III were performed at a single centre and the sample sizes are small making it 
difficult to generalise. However, in study I the result of decreased dysphagia after first cycle 
of nCT as well as after completion of nCT or nCRT was significant even in this small 
population indicating possible external validity. The modest trend towards less weight loss 
after MIO compared to open Ivor Lewis in study II indicates that minimising the surgical 
trauma seems to be beneficial for patients with oesophageal cancer but a larger scale trial 
must address this question. This is of extra importance since MIO is gaining popularity 
worldwide.  
Postoperative weight loss after oesophagectomy is well known and study III confirms 
previous studies (19-21). This together with decrease in energy and protein intake after 
surgery highlight the importance of nutritional support and close follow up in the first three 
months post oesophagectomy which can be generalised and implemented in other hospitals.  
Finally, in study IV a beneficial weight development was noted for the patients in the 
prolonged time to surgery group compared to the standard group, which may be of 
significance in tolerating such a demanding procedure. If the oncological outcomes are not 
jeopardised by the longer waiting time the medical team together with the patient could have 
a more flexible timeline to schedule the forthcoming surgery based on individual’s recovery 




The overall conclusions in this thesis are: 
• Patients experienced significantly relief of dysphagia already after the first cycle of 
nCT which further improved after completion of both nCT and nCRT. 
• Relief of dysphagia did not correlate to histological tumour response after 
neoadjuvant treatment. 
• The greater trauma associated with traditional open oesophagectomy did not result in 
more weight loss compared to minimally invasive surgical techniques. 
• There was a non significant trend towards a lower risk of losing ≥10% at 3 months 
after MIIL compared to open Ivor Lewis in patients that did suffer from severe 
postoperative compications (C-D ≥IIIb). 
• The initiation of nutritional interventions to achieve and maintain energy balance 
must be at time of diagnosis and the most vulnerable time for negative energy balance 
is at baseline and at three months after oesophagectomy. 
• To achieve or maintan nutritional status regular follow up thorughout the neoadjuvant 
treatment and during the first three month after oesophagectomy is important. 
• Prolonged time to surgery compared to standard time to surgery was beneficial for 
patients weight and patients in prolonged time to surgery group had almost the same 
weight at time for oesophagectomy as at baseline.  
• Dysphagia improved significantly in both prolonged time to surgery and standard 
time to surgery and improved further, but not significantly, during the longer time to 
surgery. 
• There was no difference in postoperative complications between patients 




9 POINTS OF PERSPECTIVE 
 CLINICAL IMPLICATIONS 
To maintain and/or improve nutritional status, early interventions are needed for patients with 
oesophageal cancer. In this group of patients where dysphagia and weight loss are common 
symptoms, early and regular follow up by a specialised dietitian, as previous suggested, can 
effectively capture symptoms affecting energy intake and weight development. With the 
results from study II and study III, and support from the literature, we have introduced visit to 
a dietitian already at first visit to the outpatient clinic at our department for early nutrition 
interventions. Further, we introduced standardised and regular follow up by a dietitian every 
two weeks during the investigation phase and during the initial period post oesophagectomy 
until patients are weight stable without support of enteral nutrition and without nutritional 
issues requiring special attention. 
 FUTURE RESEARCH 
•  It would be of clinical value to perform a larger scale study with more participants 
using food diaries at the same time-points as in study III, with close follow up to be 
able to detect possible misreporting of food intake. 
 
• As the two major subtypes of oesophageal cancer, SCC and AC, are considered two 
different types of cancers there would be of interest to separate the patients for follow 
up regarding dysphagia and weight development throughout the treatment trajectory.  
 
• MIO is gaining popularity worldwide. Robot oesophagectomy is the latest 
development within the field of oesophageal cancer surgery. It would be interesting to 
do a direct comparison between patients who undergo MIIL oesophagectomy 
compared to those with robot assisted one with regards to weight development and 
need of use of EN. 
 
• There are data supporting that extended home EN may be beneficial for patients who 
undergo oesophagectomy. I would like to investigate whether prolonged home EN 3 
months post oesophagectomy has a positive impact on patients weight development 
and health related quality of life. 
 
• Chyle leakage is a known postoperative complication after oesophagectomy. I would 
like to study if patients after extended lymph node dissection, with potential higher 
risk of leakage, would benefit from EN containing MCT fat compared to standard EN 
from start in terms of fewer postoperative complications and faster recovery.  
 
• Furthermore, in case of verified chyle leakage I would like to compare immediate 
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Dysfagistudie hos patienter som genomgår neoadjuvant behandling vid esofagus- och cardiacancer 
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Gastrocentrum kirurgi 
 
Tre instrument för att undersöka vilken typ av mat Du kan äta 




Nedan följer ett antal påståenden angående Din sväljningsförmåga. Var god kryssa i det 
svarsalternativ som bäst stämmer överens för Dig. 
 
På grund av mina problem med att svälja har jag svårt att: 
























































































Dysfagi gradering enligt Ogilvie 
 
Välj det exempel som bäst stämmer överens med det Du kan äta. 
Jag har:  
 0= förmåga att äta all sorts föda;  
 1= förmåga att äta viss fast föda;  
 2= förmåga att äta enbart viss mosad föda;  
 3= förmåga att inta enbart flytande föda;  
 4= oförmåga att inta vare sig fast eller flytande föda 
 
ESAS (Edmonton Symptom Assessment Scale) 
 
Ring in den siffra som bäst beskriver hur du har mått senaste dygnet. 
 
 
Inklusion/Uppföljning 15–20 dagar efter induktionskur/Innan kirurgi 
Efternamn: 
 
 
Datum: 
 
Studienummer: 
 
 
